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PREFACE. 


Few  diseases  surpass  the  subject  of  this  work  in  the 
strangeness  of  its  history,  the  importance  of  its  ravages,  or 
the  theoretic  ease  of  its  extinction. 

It  probably  existed  from  remote  antiquity  among  trop- 
ical peoples,  and,  although  attempts  have  been  made  to 
trace  it  back  to  a  very  early  period,  these  efforts  fail  for 
lack  of  the  careful  clinical  methods  of  diagnosis  that  are 
necessary  for  the  recognition  of  such  diseases.  For  almost 
fifty  years  after  the  disease  M^as  made  known  in  Italy,  and 
after  it  had  been  the  subject  of  many  important  investiga- 
tions in  diagnosis,  biology,  and  treatment,  it  remained  for 
us  in  America  chiefly  an  interesting,  but  remote,  fact,  de- 
void of  practical  relations.  Its  absence  was  accepted  as 
evidence  of  the  greater  personal  cleanliness  and  superior 
mode  of  life  of  our  citizens,  and  at  most  it  was  feared  that 
among  recent  immigrants  cases  might  be  imported  and  even 
spread  in  less  favorable  localities.  No  more  striking  ex- 
ample of  the  transitory  state  of  medical  knowledge  can  be 
advanced  than  the  proof  brought  within  the  last  few  years, 
not  only  that  hookworms  exist  as  human  parasites  in  a 
large  part  of  the  country,  but  that  they  may  with  reason  be 
looked  upon  as  among  the  most  important  causes  of  diseases 
of  the  South  in  extent,  in  destruction  of  life,  and  in  leading 
to  physical  and  mental  degeneration.  The  fact  that  the 
parasites  in  the  United  States  belong  to  a  new  species  is  a 
most  important  one  and  very  suggestive  in  its  bearing  on 
medical  zoology. 


Id 
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Ill  iii;m\  |i;nis  n\'  l'jiiro|H'  li()(»k\\()riii  disease  is  one  of  tlie 
iii(i>t  iiii|ii>|-taiit  (•(•oiioiiiic  problems.  Iiiiiiieiise  labor  and 
eN|)cll-e  lia\('  lieeii  dcNOled  to  llie  llieasiifes  I'oi-  its  I'epres- 
sioii  ill  Uel^'iiiiii  and  <ieniiaiiy  especially,  wliere  ii  seriously 
a("rec1>  t  lie  iiiiiiiii.u'  iiidusl  ry. 

Tile  study  ol'  lioo]<\\onii  disease  in  Aiiiei'ica  lias  shown 
the  liea\y  load  that  eiideniii'  disease  lays  upon  a  eonutry. 
Lar.iicly  due  to  it.  a  reuioii  tliat  should  he  most  I'ertile  lies 
relat  i\"el_\'  iineiilt  ixaled ;  a  population  deri\('(l  I'rotn  the  hest 
colonizitiL;'  hlood  ekes  out  a  iniseraMe  existence,  and  is 
dooiiied  t(t  e\tineti(»ii  unless  it  i>  soon  relie\'ed  ol'  its  infec- 
tion. Thanks  to  the  painslakinu-  laixtrs  of  /oolou'ists  and 
physiciaii>,  iiiiieh  has  Ix'cn  learne(l  of  the  disease  and  its 
liarasite.  I'li\  siciaiis  and  hyuienists  lia\('  realized  that  the 
e\-il.  pre\-entahle  as  it  is.  niiist  sto]).  and  inedieal  men,  ad- 
niiiii:-t  rati\('  ol'licers.  and  )»ri\ate  |)hilani  hropists  are  now 
wdrkinu'  a<-ti\t'l\   to  1  hat  end. 

In  the  \vide-prea<!  etTort  at  extermination  many  forces 
must  CO  ojierate.  Physicians  will  he  callcMl  upon  to  treat 
the  disease  in  its  \ari(Uis  forms,  as  well  as  to  assist  in  its 
]»reventiou.  for  them  ]>riiiiarily  this  hooh  lias  l)een  writ- 
ten, for  the  authors  lia\('  for  a  loiiu'  time  heen  interested  in 
the  iiie(iic;d  features  of  the  disease.  Ffy,i>'ienists,  employers 
of  lalior.  aiMl  others  interested  in  sanitation  may  also  find 
iMioiiiiatioii  of  yiractical  value.  TTow  well  we  have  siic- 
'■••'•dcd  \\(.  |c;i\(.  to  our  readers.  A\'e  tahe  ]ileasnre  in 
thankipL;-  nianv  well  known  authorities  for  the  nse  of 
material  and  illustrations,  especially  Dr.  ( '.  W.  Stiles,  Allen 
•'•  ^"li'li.  < 'luii.le  .\.  Smith,  and  II.  I'\  Harris.  Ataiiy  others 
w  ho-c  wi.rk-  we  have  <lrawn  upon  freely,  and  wlio  have 
•■"■'•ouipll-hc<l  impoi-taiit  worls-  on  the  suhjeci,  are  mentioned 
in  the  fi illdw  iui;'  pau'es. 

We  lia\  e  ;i\  ,,i,|(.||  I)ihliom-;ip|iii'  refei-eiices.  except  in  rare 
'"^'■""■'■^-  heih.xliej-  iliai   iho-e  who  wish  to  consult  orii;-inal 
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source.s  will  Lave  to  use  the  "Index  Medicus"  in  any  event. 
We  have  also  repeated  certain  statements  in  order  to  make 
easier  the  nse  of  the  book  for  reference  by  those  who  wisli 
to  gather  practical  lessons  from  it. 
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HOOKAYOfiM  DISEASE. 


CHAPTER  I. 
])EFINITION. 

Hookworm  disease  is  due  to  certain  species  of  hookworm 
(ankylostoma  duodenale,  sometimes  called  uncinaria  diio- 
denalis,  and  necator  Americanus)  which  live  as  parasites 
in  the  small  intestine.  It  occurs  especially  in  warm 
countries  and  in  certain  regions  in  temperate  latitudes 
where  the  climate  in  the  summer,  or  other  features — such 
as  warm  mines — otfer  favorable  conditions;  chiefly  in 
persons  who  come  in  contact  with  damp  earth,  or  with 
water  containing  larvag  of  the  parasites.  It  is  character- 
ized by  the  discharge  of  the  ova  of  the  worms  with  the 
feces;  by  a  progressive  anemia,  weakness,  impaired  de- 
velopment in  young  subjects,  and  by  various  symptoms  on 
the  part  of  the  circulatory,  digestive,  and  nervous  systems, 
in  varying  degrees  and  combinations;  occasionally  fatal, 
it  is  capable  of  cure  by  removal  of  the  parasites  and  of  pre- 
vention by  hygienic  measures. 

The  term  '"hookworm  carrier"  is  applied  to  persons  in 
whom  hookworms  live  as  parasites,  but  who,  either  from 
small  number  of  worms,  from  race  immunity,  or  other 
causes,  do  not  develop  obvious  symptoms. 

The  importance  of  this  class  in  the  dissemination  of  the 
disease  is  very  great,  and  will  be  considered  in  the  follow- 
ing pages. 
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Synonyms. 


AiikylostoiiiiMsis;  ;iii('liyk)st()iiiinsis;  an  k  y  1  o  s  t o  ma  si  e 
(Freiich). 

Anc'liilostoniaiieniia  (Italian). 

Ankylostonio-ana'iuia   (Latin). 

Aiikylostomen-Krankheit  (German). 

AiKiuilostomiasis  (Spanish). 

L'nciuariasis. 

Doclimiosis. 

Egyptian  or  tropical  chlorosis. 

Tunnel  worker's  anemia;  tunnel  disease;  tunnel  anemia. 

St.  (iothard  tunnel  disease. 

Brick  maker's  anemia. 

Mountain  cachexia;  mountahi  anemia. 

Miner's  anemia;  miner's  cachexia;  anemie  d'Anzin. 

Anemie  des  pays  chauds;  anemia  of  Ceylon;  Porto  Rican 
anemia. 

Anemia  intertropicalis. 

llypofemia  intertropicalis. 

^Vfalarial  anemia. 

Cachexia  AlVicaiia ;  cachexia  Americana;  cachexie 
a(|ueuse. 

Mai  d'estomac  (I'ereLabaC  1742). 

AFal  (le  comr. 

(ieopliagia  (in  part). 

Allotrioi)ha,uia  (in  ))ai1). 

Dirt  eating  (in  part). 

Xegro  consumption. 

Rihagan  (in  I'igypt  the  "yellows,"  Sandwith). 

Opilacao  (Portuguese). 

Amerellao  (i.  e.,  "ict(M-us"). 

Cancacao  (i.  e.,  "tired  reeling"). 

Pica   (in  part). 
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Malnutrition  (in  part). 
Tun-tun. 

The  synonyms  of  liookwoini  disease  indicate  the  wide 
range  of  symptoms,  as  well  as  the  extensive  geographic  dis- 
tribution, as  shown  by  the  diversity  of  languages. 

Historical. 

The  efforts  to  interpret  certain  statements  in  the  Ebers 
papyrus  (1550  B.  C.)  as  i^roof  of  the  knowledge  of  hook- 
worm disease  on  the  part  of  the  ancient  Egyjotians  are 
purely  fanciful.  We  may  admit  that  the  disease  occurred 
in  Egypt  then  as  it  does  now,  and  we  may  also  accept  the 
ingenious  suggestion  of  Sambou  that  its  susj^ected  causa- 
tion was  related  to  the  veneration  of  the  dung  beetle,  the 
sacred  scarab,  by  the  Egyptians.  But  even  if  the  symptom 
picture  was  clearly  recognized  then,  and  even  if  the  exist- 
ence of  the  parasites  was  known,  no  information  came  down 
to  assist  later  generations  in  the  recognition,  prevention, 
and  treatment  of  the  disease. 

The  history  of  hookworm  disease  is  identical,  as  we  now 
know,  with  that  of  cases  described  in  various  tropical  coun- 
tries during  three  centuries — viz.,  Piso  in  Brazil  (1648), 
Father  Labat  in  Guadeloupe  (1748),  Bryon  Edwards  in 
Jamaica  (1799),  under  various  names  as  given  in  the  list 
of  synonyms,  and  characterized  by  severe  abdominal  symp- 
toms, anemia,  dropsy,  and  weakness,  often  causing  death, 
chiefly  among  negro  slaves,  but  also  affecting  other  classes 
of  the  population.  At  the  time  the  true  nature  of  the  con- 
ditions described  was  not  understood  and  often  wholly  mis- 
interpreted, and  the  misinterpretation  continued  to  a  recent 
period.  This  is  particularly  true  as  regards  the  supposed 
relation  of  malaria  to  the  anemia,  and  hardly  less  so  to  the 
relation  of  dirt  eating,  warm  climates,  and  poverty. 
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'J'lit'  (list'overy  of  tlie  Jirst  liookworiiis  in  1782  aud  1789 
li;i(l  iu»  influence  on  clinical  study. 

Certain  diseases  of  miners  in  temperate  latitudes,  de- 
scribed by  older  writers,  can  also  be  explained  now  by  hook- 
worm infection.  Anemia  was  a  striking  symptom,  and  the 
"miner's  anemia"  sometimes  occurred  in  epidemics.  In 
]78G  such  an  epidemic  broke  out  in  iSchemnitz  in  Hungary, 
and  more  than  ],200  miners  were  allected.  There  were  sim- 
ilar epidemics  between  3802  and  1820  in  the  French  mines 
of  Anzin,  Fresues,  V'ieux-Coude,  Avize,  Escarpelle,  aud 
Ciraissesac.  In  1875  the  Medical  Society  of  the  Loire  Basin 
investigated  the  e^jidemic  anemia.  Sporadic  cases  were 
observed  and  reported  in  Hungary  and  Boliemia,  Ham- 
merschmid  noted  that  the  disease  differed  from  ordinary 
anemia  or  chlorosis,  that  it  represented  a  dhesLsesui  (/cucris, 
aud  that  the  explanation  by  the  mine  climate  or  vitiated  air 
was  not  satisfactory. 

In  1838  Dubiui,  in  Milan,  found  w^hat  he  thought  were 
previously  undescribed  worms  in  the  intestine  of  a  woman 
dead  of  pneumonia.  Four  years  later  he  found  some  more 
worms  of  the  same  kind  in  the  body  of  a  woman  dead  of 
liydrothorax,  and  on  a  third  occasion  in  the  body  of  a  man 
dead  of  jaundice.  In  these  three  cases  he  saw  only  female 
worms,  but  in  another  case  he  discovered  males,  and  later 
found  similar  worms  in  many  subjects,  either  free  in  the 
duodenum  and  jejunum,  or  hanging  on  to  the  mucosa  by 
tlicir  mouths.  On  llie  whole,  he  found  them  in  at  least  20 
IMTceut  of  bodies  examined,  and  sometimes  in  company 
with  other  worms.  He  thought  the  worms  not  without 
i'Wi'ct  on  tlie  l)ody,  though  not  causing  special  accidents; 
that  thcii'  scat  was  especially  in  the  duodenum  or  upper 
''•■■'"  "'  ""'  j»'jiiniiin;  that  an  mnisual  amount  of  mucus  was 
"—•■III  in  I  for  their  existence;  that  the  mucosa  in  the  parts 
atfccted  was  cither  normal.  r)i-  injected,  or  punctate,  red  or 
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black,  and  that  the  parasites  occurred  especially  iu  cach- 
ectic, emaciated  persons,  ultimately  dying  from  diarrhea 
and  dropsy.  The  late  discovery  of  the  worms  he  attributed 
to  the  failure  of  earlier  observers  to  examine  the  intestinal 
mucosa  without  washing  the  adherent  mucus  away  with 
water.  He  described  the  parasites  accurately  as  small, 
bent,  i^artly  transparent  in  the  fore  part,  partly  yellowish, 
reddish,  or  brown  worms,  with  a  dark  elevated  point  in  the 
middle,  and  the  stomach  filled  with  black  material.  He 
gave  a  clear  description  and  pictures  of  the  microscopic 
features,  especially  the  rounded  mouth  with  four  curved 
booklets  rising  from  conical  elevations,  the  flask-shaped 
esophagus,  the  blunt  tail  of  the  female,  the  fan-like  tail  of 
the  male  inclosing  the  genitalia.  He  proposed  the  name 
agchylostoma — from  ay/Jdo^:,  bent,  and  <rT»!uj.,  mouth.  The 
other  details  do  not  seem  necessary  to  cite  now.^ 

Though  Dubini  thought  he  had  discovered  a  new  worm, 
he  had  been  anticipated  to  a  certain  extent.  In  1782  Goeze 
discovered  some  worms  in  the  intestine  of  a  badger  (Meles 
taxus).  Although  he  gave  it  the  name  ascaris  criniformis 
(on  account  of  its  hair-shape),  he  suspected  it  belonged  to  a 
different  genus  from  the  ordinary  ascaris.  He  saw  the 
membranous  expansion  of  the  tail  of  the  male,  and  in  it  two 
rib-like  structures,  which  he  called  hooks. 

In  1789  Frolich  found  similar  worms  in  the  intestines  of 
foxes.  He  also  observed  the  membranous  expansion  and 
hooks,  and  proposed  the  name  hookworm  (Haakenwurm) 
or  uncinaria  for  the  genus.  The  fact  that  other  members 
of  the  family  strongylidje  possess  similar  * 'hooks"  in  the 
bursa  does  not  interfere  with  the  retention  of  the  name. 

Dubini,  besides  describing  the  caudal  hooks,  noted  the 
hook-like  teeth  and  the  bent  shape  of  the  body.     As  Stiles 


1  Dubini  was  ill  advised  in  the  construction  of  the  new  word.  In  trans- 
lating' from  the  Greek  he  should  have  changed  the  v  to  n  and  the  k  to  c  for 
Italian  usage.      In  other  languages  the  k   would  be  c.   ch,   or  k. 
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well  p(.iiils  (.lit.  Ihc  fcntiire  iliai  led  to  tlie  common  name 
was  \\]o  result  of  n  inisiiiteri)retati()n ;  the  "liooks"  in  the 
iiioutli  are  not  i)resent  in  all  sjieeies,  and  the  curvature  of 
til.'  liody  is  not  always  distinct,  hut  nevertlieless  the  com- 
mon name  is  likely  to  l>e  retained  1»>'  reason  of  the  rules  now 
followed  in  zooloi;ic  nomenclature. 

\'on  Sielx.ld  (IS-^T))  uave  the  i)arasites  a  place  in  zoology 
anion.a-  the  stron.uyli<Ia'.  Castiglioni  and  Pruner  soon  after 
desei'ihed  the  occurrence  of  tlie  worms  in  the  ])odies  of 
di-o])sical  and  cachectic  ijidividuals,  but,  like  Dubini,  did 
not  i-ealize  iho  actual  relations.  Bilharz  (1853)  and  Gries- 
inger  (1854)  in  Egypt  recognized  the  relation  of  the  para- 
sites to  the  extremely  ])revalent  ''Egyptian  chlorosis,"  the 
cause  of  more  than  one-quarter  of  all  deaths  in  that  country. 
Ihit  although  Griesinger  especially  was  emphatic  in  his 
statements.  ]»i-actically  no  attention  was  paid  to  them  for 
uun'o  than  ten  years.  Tn  180(1  Wucherer,  in  Bahia,  again 
called  attention  to  the  subject,  based  upon  its  frequency 
among  negro  slaves  in  r)razil.  His  statements  were  con- 
lirnied  by  other  Brazilian  ]ihysicians.  and  gradually  reports 
began  to  a]^pear  fi'om  various  other  tro]ncal  regions.  In 
Italy  many  additions  to  the  knowledge  of  the  occurrence  of 
hookwoi'ms  were  made,  the  most  im])ortant  lieing  the  sng- 
-estion  by  l^aletti  and  Maliverria  (1877— b878)  that  the 
anemia  of  brick  workers,  long  known  in  Italy,  was  caused 
hy  hookwoi-iii.  and  the  discoveiy  by  Grassi  (1877)  and 
Tai'diia  of  the  diagnostic  value  of  the  ova  in  the  feces  of 
hookwdi'm  sulijects. 

The  Miigi';itor\  habits  of  Italian  laborei's  led  to  a  striking 
''I'idriiiic  ,.r  hookwoiiii  disease.  In  1h(^  digging  of  the  St. 
<i"thar.|  liiiiiicl  (l'^7!)  1«S())  ;i  Inrge  number  of  workmen 
-hnwcd  >i.jii<  ,,r  intense  anemia.  Perroncito  and  Toncato, 
l'"/z"h'.  ' 'I'limiialli,  I'arou.i.  Souderegger.  and  others 
.-li<iwc(l  lh;il  iimI  (.iiI\  did  (h<'  iiaca-ites  occur  in  the  anemic 
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cases,  sometimes  in  enormous  numbers,  but  that  tbey  were 
often  the  only  discoverable  causes  of  disease.  These  re- 
sults were  confirmed  in  other  places,  notably  in  Switzer- 
land, by  Immermann  and  others,  and  in  Freiburg  by  Baum- 
ler  in  tunnel  workmen. 

These  discoveries  led  to  the  proof  that  the  so-called 
'^ miners'  anemia,"  ascribed  to  deprivation  of  light  and  air, 
in  the  mines  of  France  and  Hungary  was  also  due  to  hook- 
worms, and  in  the  mines  of  Sardinia  measures  to  check  the 
development  and  spread  of  hookworm  eggs  were  followed 
by  diminution  in  the  nuniber  of  cases  of  anemia. 

The  conclusions  regarding  miners'  anemia  were  rapidly 
extended  to  other  countries.  In  1869  Leuckhart  thought 
ankylostomiasis  did  not  occur  north  of  the  Alps.  In  1882 
it  was  discovered  in  brick  workers  in  the  Rhine  country, 
who  had  no  relation  to  Italian  workmen.  In  fact,  the 
anemia  of  the  brick  workers  in  the  Bhineland  and  Prussia 
had  been  recognized,  but  not  correctly  explained,  for  more 
than  twenty  years  before.  The  prevalence  of  hookworm 
disease  in  the  region  of  Cologne  gave  Leichtenstern  oppor- 
tunities for  making  some  of  the  most  important  contribu- 
tions to  the  subject,  including  the  discovery  of  the  disease 
among  the  Belgian  miners  ("Walloons"),  who  worked  in 
the  coal  mines  of  Mons,  Liege,  etc.,  in  winter  and  in  the 
Rhenish  brick  fields  in  summer. 

It  does  not  seem  necessary  to  describe  the  discovery  of 
hookworms  in  various  parts  of  the  tropics.  The  present 
conditions  there  will  be  mentioned  in  the  next  chapter. 
Suffice  it  to  say  that  the  evidence  points  to  the  tropics,  and 
especially  Africa,  as  the  original  home  of  the  disease.  It 
is  not  easy  to  trace  the  routes  the  parasites  followed  to 
Europe,  but  it  is  highly  probable  they  entered  from  Fgypt 
by  way  of  Italy  or  Hungary,  and  spread  from  there  to  Swit- 
zerland, the  Rhine,  and  Belgium,  from  Hungary  to  Ger- 
many, and  from  various  parts  of  the  tropics  to  Cornwall. 


i:4  HUOKWUKM  DISEASE. 

Tlic  histoj-y  of  hookwonn  disease  in  the  United  States  is 
of  iiieat  interest.  From  an  early  period  reports  were  pnb- 
lisliod  on  the  dirt  cat  in,-;  and  anemia  of  negroes  in  several 
soutlu'rn  states,  and  Ilirscli  (188:>)  and  other  European 
writers  based  upon  these  reports  tlie  statements  that  hook- 
worm disease  existed,  ''althongli  only  in  slight  extent, 
among  tlie  negro  ]-topnlation  of  some  parts  of  the  southern 
United  States."  That  ITirseh  does  not  deserve  particular 
credit  for  the  accuracy  of  his  statement  appears  from  the 
fact  tliat  he  thought  tlKU'e  was  little  hookworm  disease  in 
Asia. 

11  is  worth  while  recalling  some  of  the  early  American 
accounts,  for  from  these  it  is  obvious  that  the  disease  ex- 
isted, but  the  accurate  diagnosis  was  not  to  be  expected  at 
the  time,  as  the  presence  of  hookwoi-ms — in  many  cases 
even  intestinal  worms  in  general — was  not  suspected,  and 
the  significance  of  the  disease  was  wholly  missed. 

Stiles  quotes  Joseph  Pitt  (1808)  as  the  earliest  author 
he  has  found  to  refer  to  the  disease  in  this  country.  Pitt 
descril)ed  dirt  eating  among  the  ]wor  white  people  and 
negroes,  and  thought  it  was  due  to  deficiency  of  nourish- 
ment. Tlie  author  most  frequently  quoted  abroad  is 
Cliabert  (Peflexions  medicales  sur  la  maladie  Spasmodieo- 
lyperienne  des  Pays  Chauds,  vulgaireraent  appelee  Fievre 
.b-nmc.  ,T.  L.  Chabert.  Dr.  en  med.  de  la  Fac.  de  Mont- 
IH'llier,  a.  m.  ord.  des  arm.  Franc,  etc.,  Nouvelle-Orleans, 
de  bimp.  de  I'Ami  des  lois.  U821).  He  referred  to  dirt  eat- 
iu-i-  as  a  habit  coiiti-acted  by  many  slaves,  and  described  the 
i-csuitiug  lesions  and  flic  means  of  recognizing  and  curing 
tlioin.  His  words  are  worth  quoting  more  fully  (p.  188 
it  sifj.):  '•!''(. r  most  of  the  negroes,  doing  nothing  is  the 
snin-eiiK.  hiiss.  Some  of  tbeni  carry  love  of  idleness  to  such 
;i  point  thai  tliey  employ,  in  order  to  escape  work,  every 
means  snggestcd   by   slofb.    notwithstanding   the   certaiutv 
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of  injury  to  health.  Among  these,  earth,  the  internal  use 
of  which  causes  a  species  of  poisoning,  is  most  common  of 
all,  if  I  may  judge  by  my  own  practice.  Under  the  influence 
of  this  bizarre  food  there  develops  in  those  who  use  it  symp- 
toms and  accidents  like  those  produced  by  poison  in  the 
living  organism — i.  e.,  yellow  complexion,  dry  scaly  skin, 
putfy  face,  swelling  of  the  legs,  engorgement  of  the  abdom- 
inal viscera,  atrophy  of  the  muscles,  palpitation,  dyspnea, 
and  at  last  obvious  signs  of  aneurism  (i.  e.,  dilatation)  of 
the  heart  from  thinning  of  its  walls,  which,  when  well 
marked,  always  ends  the  case." 

Chabert  made  an  autopsy  in  the  case  of  a  dirt  eater,  Init 
described  no  worms,  and  thought  a  perforation  he  found  in 
the  stomach  was  due  to  an  old  ulcer.  It  can  hardly  be 
doubted  that  he  was  dealing  with  genuine  cases  of  hook- 
worm disease,  but  wholly  unaware  of  the  fact. 

Geddings,  in  1834,  doubtless  saw  cases  in  the  anemic 
and  cachectic  ''sand  lappers"  of  Carolina.  Little,  in  1845, 
gave  an  interesting  account  of  dirt  eaters  in  Florida,  in 
which  the  descriptions  of  the  subjects  leave  no  doubt  they 
had  hookworm  disease.  Sir  Charles  Lyell  (1849)  also  made 
observations  during  his  travels  in  the  South,  and  noted 
cases  of  dirt  eating  in  Alabama, 

James  B.  Duncan  (Report  on  Topography,  Climate,  and 
Disease  of  the  Parish  of  St.  Mary,  La.,  Southern  Medical 
Reports,  edited  b}^  E.  D.  Fenner,  New  Orleans  and  New 
York,  vol.  1,  p.  190,  1849)  gave  a  very  accurate  description 
of  cases.  He  speaks  of  a  very  common  anemia  among 
negroes  on  plantations,  ''very  often  attributed,  and  perhaps 
justly  so,  to  the  pernicious  habit  of  dirt  eating."  The 
proportion  of  severe  cases  was  not  large.  Duncan  says  (p. 
194):  "Almost  every  large  plantation  has  three  or  four, 
and  sometimes  more.  Until  the  vital  powers  of  the  system 
are  beginning  to  be  undermined,  no  marked  symptoms  of 
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tlic  (lisonso  l)oin,a'  visiMe  io  tlu^  eye  of  the  planter,  they  are 
acii('i;illv  siispccted  of  hi/iiioss  or  malino-ermg'.  After  this 
coiiditioii  lias  existed  t'oi'  some  time,  the  skin  presents  a 
])aler  line  lliaii  iiatiii'al.  or,  it  the  subject  is  a  mulatto,  an 
asliv  wliilc;  llie  lips.  fon.i;-ue,  lining  memln'ane  of  the  mouth, 
and  i)alms  of  the  hands  white,  lacking'  the  reddish  tinge  of 
health;  the  legs  e(h'niatons;  abdomen  distended;  pnlse  full, 
soft,  and  frequeid ;  action  of  the  heart  violent;  if  blood  is 
di'awn,  it  is  ])ale  and  watery;  respiration  on  the  slightest 
exertion  anxious  and  hurried;  in  tine,  all  the  symptoms  that 
chai'actei-i/e  chlorosis  in  females.  AVe  find  this  condition 
of  things  in  subjects  of  both  sexes.  ]\rany  of  these  cases 
are,  doubtless,  produced  and  aggravated  by  the  deleterious 
hahit  of  dirt  eating.  But  I  never  heard  a  negro  admit  that 
he  was  addicted  to  the  habit.  Some  admit  that  formerly, 
years  ago,  they  ate  (brt,  but  do  not  now;  and  others,  trusty, 
truth-telling  negroes  on  all  other  sul)jects,  on  this  will  lie 
most  ])ei1inaciously  to  the  last,  uidess  detected  in  the  act." 
Ibuu-au  thought  that  in  many  cases  "dirt  eating  was  a 
symptom  oidy  of  a  diseased  condition  of  the  digestive 
organs  and  of  tlie  system  generally.  With  them  dirt  eating- 
is  the  same  propensity  to  whicli  wliite  females  resort  to  re- 
lieve a  disoi'dered  acid  condition  of  the  stomach  by  eating 
<iuantities  of  chall<.  magnesia,  etc.  This  condition  of  sys- 
tem is  often,  in  m_\-  opinion,  ]Troduced  by  a  deficiency  of 
Miital>le  nuti-iment.  The  diet  of  negroes  on  most  planta- 
tions being  mostly  salt  poi-k,  corn  bread,  and  mobasses — 
i;ii'el\  eating  fi-esh  meat  and  vegetaldes — a  condition  of  the 
s\stem  is  tims  ])ro(biced  closely  allied  to  scurvy."  (He 
noted  s))oimy  uinii-.  and  functional  ami  ori^anic  disease  of 
''"'  heart. )  Diniciiii  repoi'ted  cures  1)y  the  use  of  nutritious 
t"<Hls.  Ii-csh  iticnis.  \-(^getal)les.  aiid  greens.  ]iorter  and  wine, 
won.  stoni.-irliics.  ;iud  tonics,  laxatives  when  indicated,  and 
"Ml  door  exercise.     He  tln'ows  a  curious  lii>-ht  on  the  seri- 
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ousness  of  the  condition  so  briefly  described  by  speaking  of 
the  use  of  tin  masks,  iron  gags,  and  chaining  to  the  floor  to 
correct  dirt  eating.  ''By  using  these  means,"  he  says,  "it 
is  true  the  habit  can  not  be  indulged  in,  but  the  cause  that 
produced  the  propensity  still  exists.  Eestore  the  healthy 
tone  of  the  system,  invigorate  the  subject,  put  rich  blood 
into  his  veins,  clothe  him  well,  feed  him  well,  and  do  not 
overtask  him;  arouse  his  feelings  of  pride,  teach  him  to  feel 
that  he  is  a  reasonable  being,  and  in  a  majority  of  cases 
success  will  attend  our  efforts,  and  we  shall  have  the  satis- 
faction of  rescuing  a  valuable  servant  from  the  grave." 

It  is  impossible  to  tell  how  much  of  this  belief  was 
founded  on  actual  treatment.  It  may  be  that  mild  cases 
then  improved  without  direct  causal  treatment,  but  it  is 
difficult  to  imagine  that  reinfection  did  not  occur. 

Heusinger  wrote  an  interesting  work  on  dirt  eating 
("Die  sogenannte  Geophagie  oder  Tropische — ^l3esser. 
Malaria — chlorose  als  Krankheit  aller  Lander  und  Klimate, 
dargestellt  von  C.  F.  Heusinger,  Cassel,  1852),  but  showed 
great  lack  of  critical  insight.  He  asserted  dirt  eating  was 
common  also  in  the  region  of  the  great  lakes,  based  largely 
on  statements  of  Bartlett,  Wood,  and  Drake.  He  properly 
considered  dirt  eating  a  symptom  and  not  a  cause  of  disease. 

None  of  these  writers  give  the  impression  they  were 
dealing  with  a  widespread  disorder.  This  is  probably  due 
to  the  fact  that  then,  as  now,  many  negroes  were  immune  to 
the  severe  efl"ects  of  the  infection,  that  the  white  population 
was  scattered  and  was  relatively  small,  and  many  of  the 
whites  probably  escaped  infection.  Xone  of  the  medical 
writers  we  have  consulted  speak  as  if  the  disease  was  com- 
municable, but  we  have  found  a  suggestive  statement  in  the 
account  of  an  excellent  lay  writer,  Mr.  Thomas  Affleck,  of 
"Washington,  Miss.,  author  of  the  "Southern  Rural  Alma- 
nac," who  had  been  an  extensive  planter,  and  wrote  an  in 
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Iciest iim  rJiajilcr  tor  FcJiiier's  "Soiitliern  Medical  Re- 
ports" (vol.  l\  p.  421)— 4;5G,  ]851)  "Ou  the  Hygiene  of  Cot- 
ton riniitatioiis  and  tlie  :\rana,i>'ement  of  Negro  Slaves."  He 
.'ouiiniis  wliat  others  say  of  the  diet:  ''The  general  allow- 
ance of  meat  being  three  and  a  half  to  four  pounds  per 
week  of  sound  mess  pork,  or  its  equivalent  in  bacon,  to  each 
woikiug  hand  over  ]0  vears  old,  with  bread,  hominy,  vege- 
tal)!es,  i'ir.^dtJ  Vihiiiiiii.  l-'ish  and  molasses  are  given  occa- 
sionally. Not  nearly  enough  of  vegetables  are  grown  and 
l\"d  to  negroes."  He  also  said  (p.  4:>;')):  ''Dirt  eating  is 
frequent  among  yonng  negroes,  and  always  kills  them  if  not 
cured.  The  constant  use  of  molasses  is  said  to  induce  it, 
but  I  can  not  say  how  correctly.  Those  under  the  best  care 
are  lialtle  to  it.  Seems  to  l»e  occasioned  by  a  niorl)id  state 
of  tlie  stomach,  and  should  be  so  treated.  Our  (//if  ciifcr 
iijKHi  (I  j)l(iiil(tt'i()ii  /fill  hij'ccf  fhc  irliolc.  JIdsf/i/  ii/Jrcfrd  at 
t'idiii  f/ra  Id  tri/  //cars.  Say,  one  child  in  forty  eats  dii't." 
[Italics  ours. — D.  and  B.] 

( )n  the  wliole,  the  reports  fiorn  the  South  in  the  first  half 
of  tlie  nineteenth  century  could  not  easily  convince  one  that 
ankylostomiasis  existed  there,  and  in  the  latter  half,  for  a 
htii.u-  time,  no  accurate  observations  seem  to  have  been 
made.  Moicover.  during  this  ])art  malaria  acquired  a  new 
interest  and  impoi-tance,  so  that  its  occurrence  was  easily 
exa^'uerated. 

In  1S8()  Di-.  Joseph  Leid>'  made  an  interesting  remark 
apidpos  of  some  specimens  fi'om  anemic  cats  sent  by  Bel- 
liehl.  of  Chicago.  He  noted  the  worms  had  the  same  struc- 
ture of  mouth  as  had  ankylostommn  duodenale;  thought 
they  nii-iht  be  able  to  infect  man,  and  be  one  of  the  previ- 
"U-iy  uiii-ecognized  causes  of  jx'rnicious  anemia.  This  idea 
had  been  expresscM]  before,  and  was  then  repeated  more  or 
lc<s  distinctly  by  various  writ(M's  for  the  next  ten  years. 
Ill  l'~;!M   holley  called  the  altcution  of  American  physicians, 
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especially  those  of  the  southern  states,  to  the  "fact,"  as 
per  Hirscli,  that  ankylostomiasis  was  long  since  reported  in 
the  South. 

In  1893  Blickhahu,  of  St.  Louis,  reported  a  case  in  the 
person  of  a  brickmaker  from  Oberhausen,  near  Essen,  in 
Westphalia.  In  1897  Mohlau  reported  several  cases  iu 
Buffalo,  and  it  seemed  that  some  of  the  patients  became 
infected  in  this  country  from  Italian  or  Polish  immigrants. 
Through  the  courtesy  of  Dr.  Joseph  Collins,  Dock  was  able 
to  cite  a  case  observed  in  New  York  by  Dr.  Joseph  Frank  el 
in  the  person  of  a  foreigner  who  had  long  lived  in  the 
United  States,  and  seemed  to  have  acquired  the  disease 
here,  "perhaps  handling  hides."  (Article  on  Anchylosto- 
miasis,  Loomis  and  Thompson's  System  of  Practical  Medi- 
cine, vol.  3,  p.  337  et  seq.,  1898. ) 

To  this  transition  iDeriod  belong  the  reports  of  Hertf 
(1894),  who  found  worms  in  a  Mexican  and  asserted  their 
existence  in  this  country;  Dabney  (1898)  and  Tebault 
(1899),  who  both  found  them  in  New  Orlsans;  Gray  (1901), 
who  found  them  in  Eichmond,  Va.;  Claytor  (1901)  in  Wash- 
ington, D.  C;  and  Boston,  Allyn,  and  Behrend  (1901)  in 
Italians  in  Philadelphia;  Dyer  in  St.  Louis;  and  Hall  and 
Yates  in  Baltimore. 

The  era  of  productive  discover}^  began  at  the  same  time. 
Allen  J.  Smith,  in  1895,  found  ova  of  hoo  kworm  in  the  feces 
in  a  water  closet  in  Galveston,  Texas,  but  could  not  fix  upou 
the  individual  from  whom  they  were  derived.  On  Feb- 
ruary 17,  1901,  Dr.  Smith  recognized  ova  in  the  stools  of  a 
sailor  born  in  Melbourne,  Australia,  who  first  became  ill 
while  acting  as  overseer  of  a  plantation  in  southern  Mexico, 
where  there  was  an  epidemic  disease  of  a  very  fatal  type, 
which  led  to  pallor,  emaciation,  and  dropsy.  The  patient 
also  had  amebic  dysentery.  Dr.  Smith  recognized  differ- 
ences in  the  worms  expelled  from  the  patient  as  compared 


;;0  HOOKWUKAE  DISEASE. 

willi  aiikylosloiiia  diiodoiiale,  and  tlioiiglit  they  might  be 
uncinaria  stenocephala  ol"  dogs.  The  dogs  in  the  labora- 
tory liowcNci-,  had  only  uncinaria  canina,  so  that  compari- 
sons (Hiuld  iiol  l»e  Jiiack'.  Later,  Charles  Wardell  Stik's 
showed  the  existence  of  a  new  species  in  man,  and  Dr. 
8milh  was  ahh'  to  demonstrate  tliat  his  patient  had  both 
okl  world  and  new  world  hoolvworms.  Stiles  had  for 
years  pointed  out  the  probability  of  the  frequent  occur- 
rence of  hookworm  in  America.  In  1901  he  published  his 
views  i'l'f.iKs  Mcdhdl  Xc/rs^  Ji^i'}")?  stating  that  hookworm 
in  man  must  be  more  or  less  widespread  in  the  United 
States.  Soon  after  that,  Smith's  case  was  published  by 
Dr.  Charlotte  Schaeffer,  who  also  mentioned  the  finding 
of  ova  in  the  feces  of  two  (later  increased  to  eight)  out 
of  eighty-odd  medical  students  in  the  Galveston  school. 
Stiles  (J90o)  shows  clearly  the  great  value  of  Smith's  work 
in  the  develoi3ment  of  our  knowledge  of  hookworm  in  the 
United  States.  "To  the  clinician  it  did  not  mean  very 
much,  since  no  record  existed  that  the  students  exhibited 
aii\-  very  severe  symptoms.  To  the  zoologist,  however,  it 
meant  a  practical  demonstration  that  uncinariasis  was  more 
or  less  connnon  in  the  South.  Here  were  eight  students  in 
a  city  (Galveston);  the  chances  that  the  infection  took 
])la('e  in  Galveston  did  not  seem  very  great;  as  the  students 
came  fi'om  different  places,  the  infection  nmst  be  more  or 
less  wides])read;  and,  since  light  cases  occurred  among 
medical  students,  Ins'ivier  iid'ections  nmst  imturally  occur 
ajuonu-  ])ersons  who  come  more  i-e,u-ula?-|y  in  contact  with 
the  diiU" 

Trom  a  study  of  tli<'  worms  in  the  ease  of  A.  J.  Smith  and 
<'layt(.r,  and  some  from  Poiio  j^ico,  Stiles  was  able  to  show 
thai  \]\i'\  were  not  uneiiiai-ia  stenoce]ihala  or  any  other 
kn..wn  si,e.-i(>s,  mid  on  Alay  10.  1002,  lie  described  a  new 
<l'e<-iev,  uncinni-ia  Ammi.'aiiM.      In  a  j.apei-  ])ublished  in  the 
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Eighteenth  Annual  Report  of  the  Bureau  of  Animal  Indus- 
try (September  25,  1902)  he  declared  there  was  an  endemic 
of  hookworm  in  the  United  States  which  had  been  generally 
overlooked.  In  the  months  between  the  statements  both 
Claude  A.  Smith  and  H.  F.  Harris  had  reported  cases  in 
Georgia,  and  a  little  later  Harris  made  the  important  asser- 
tion that  the  greater  number  of  cases  of  anemia  in  certain 
southern  states  were  due,  not  to  malaria,  as  universally  be- 
lieved, but  to  uncinariasis,  and  that  it  was  "the  most  com- 
mon of  all  the  more  serious  diseases  of  the  entire  South. 
In  no  other  disease  does  the  victim  suffer  so  long,  in  no 
other  condition  is  he  for  such  a  period  a  menace  to  those 
about  him,  and  in  no  other  malady  of  such  gravity  is  treat- 
ment so  rapidly  and  surely  successful."  W.  F.  Arnold 
complains,  with  justice,  that  the  subject  was  neglected  after 
the  striking  announcements  just  described.  Some  of  the 
subsequent  communications  will  be  referred  to  in  the  next 
chapter. 

The  work  of  Bailey  K.  Ashford  and  his  colleagues  on 
hookworm  disease  in  Porto  Rico  furnishes  one  of  the  most 
interesting  and  instructive  chapters  in  the  history  of  en- 
demic disease. 

In  1899,  soon  after  a  destructive  hurricane  in  the  island, 
Ashford  established  a  hospital  for  the  care  of  those  who 
could  not  be  accommodated  in  the  hospital  at  Ponce,  "Ful- 
ly three-fourths  of  those  admitted  were  suffering  from 
anemia,  which  was  then  believed  to  be  due  to  faulty  diet, 
but,  as  iron,  arsenic,  and  full  diet  failed  to  cure,  it  was 
attributed  to  malaria,  climate,  lack  of  hygiene,  etc.,  all  of 
which  proved  upon  investigation  to  be  inadequate."  In 
studying  the  blood  as  an  aid  to  exact  diagnosis,  Ashford 
was  struck  by  the  high  eosinophilia.  He  suspected  ankyl- 
ostoma,  and  "examination  of  feces  made  the  suspicion  a 
certaintv."     R.  Blanchard  had  concluded  that  the  disease 
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was  ])resoi)t  in  Torlo  Rico,  but  no  exact  observations  had 
heeii  i)ublislie(l  and  no  immediate  general  attention  fol- 
lowed Asliford's  (list  report,  tlioug-li  it  had  official  recog- 
nition. 

In  1!)02  l)rs.  Ashl'ord  and  King  made  a  further  study  of 
ankylostomiasis,  and  reported  on  one  hundred  cases  in 
VMo.  [All/' lied H  Mrdiciiic,  September  5  and  12.)  This 
aroused  nnich  interest,  not  only  in  medical  circles,  but  also 
ill  the  administration  of  the  island.  In  1904  a  commission 
was  formed  for  the  study  and  treatment  of  anemia,  consist- 
ing of  -Dr.  Ashl'ord,  Captain  and  Assistant  Surgeon,  U.  S. 
A.;  Di-.  A\'.  W.  King,  Past  Assistant  Surgeon,  Public  Health 
and  Marine  Hospital  Service;  and  Dr.  Pedro  Gutierrez, 
health  officer  of  Bayamon.  With  comparatively  slender 
resources  this  commission  carried  out  an  immense  cam- 
paign of  diagnosis,  treatment,  and  scientilic  research.  It 
proved  beyond  question  that  the  anemia  so  prevalent  in  the 
island  was  only  a  symj)tom  of  uncinariasis,  which  affected 
the  rural  po])ulation  to  the  extent  of  90  jDercent.  Still  more, 
il  published  most  valual)le  reports  upon  the  work,  and 
upon  hookworm  disease  in  general.  (Report  of  the  Com- 
mission for  Ihe  Study  and  I'reatnient  of  ''Anemia"  in  Porto 
Rico.     San  JuaiK  P.  \{.,  1904  vt  spq.) 

fiVcn  l)ofoi'e  the  time  the  parasites  were  receiving  so 
nnicli  attention  in  America,  Looss  (1898),  in  Cairo,  Egypt, 
made  the  im))()rtant  discovery  of  the  penetration  of  the 
>kni  by  the  hirv.-c.  a  discovery  that  has  made  the  pathology 
and  ('si)ocially  tlu;  ]ir("\-('ntion  of  the  disease  much  more 
<'xact  than  it  was  before.  'IMiis  part  of  the  history  will  be 
•  lisciisscd  ill  connecti(»ii  witli  the  "]\fodes  of  Infection." 


CHAPTER  II. 

DISTRIBUTION  AND  ECONOMIC  IMPORTANCE. 

Hookworms  liave  an  extensive  range,  being  fonnd  in  all 
parts  of  the  tropics,  where  they  may  be  said  with  truth  to 
be  the  greatest  enemies  of  the  hnman  race,  and  in  many 
countries  with  subtropical  climate,  as  well  as  in  some 
regions  properly  classed  as  temperate.  The  extreme  range 
of  latitude  is  from  51°  N.,  or  the  latitude  of  Belgium,  to 
nearly  40°  S.  Altogether  it  is  one  of  the  commonest  dis- 
orders, and  in  the  tropics  one  of  the  most  important.  It  is 
in  all  probability  the  chief  cause  of  the  so-called  tropical 
anemia,  which  has  been  looked  upon  as  due  to  climatic  con- 
ditions rather  than  disease  factors  in  the  usual  sense. 

In  Europe  the  disease  has  been  found  chiefly  in  Belgium, 
France,  England,  Germany,  Hungary,  the  Balkan  peninsula, 
and  Italy.  In  Italy,  Sicily,  and  Sardinia,  where  ankylos- 
toma  was  first  discovered  as  a  human  parasite,  it  occurs  in 
various  parts  and  sometimes  in  great  intensity.  Previtera 
found  75  percent  of  miners  infected  in  Catania,  in  a  district 
(Muglia)  where  almost  100  i:>ercent  had  oxyuris.  In  Spain 
it  occurs  in  miners,  and  probably  other  classes  also. 

In  Austria,  Hungary,  the  i)lains  of  the  Danube  and 
Theiss,  Servia,  and  Bulgaria  it  occurs,  especially  in  the 
mining  regions,  but  also  elsewhere  and  in  other  classes  of 
the  population.  In  some  parts  of  Hungary  up  to  95  per- 
cent of  miners  have  been  found  infected,  but,  owing  to 
precautions  taken  and  treatment,  this  has  been  reduced  to 
about  30  percent.  Many  are  so  severely  affected  that  they 
are  unable  to  work  on  account  of  swelling  of  the  feet  and 
shortness  of  breath.     '^Plie  great  heat  in  many  Hungarian 

33 


:U  IIOOKWOKM    DLSEASK. 

iiiiiit's,  ii|)  l(.  104  ll.T  V\,  favors  the  development  of  the 
lar\";i'. 

In  Ucluiiiiii  llic  disease  lias  heeii  very  prevalent  in  the 
last  (|iiarl('r  of  a  ceiitiirN-.  The  parasites  were  tirst  discov- 
ered in  I'x'luinni  hy  1^'irket  in  1884,  hut,  as  said  before,  the 
disease  jirohahlx'  existed  anioni;'  miners  long'  before  that. 
It  was  reintroduced  hy  miners  from  St.  Gothard  and  be- 
came epidemic  ahout  1884,  hut  subsided  apparently,  only 
to  break  out  afresh  in  a  most  virulent  form,  with  a  high 
death  I'ate.  Jjittle  attention  was  paid  at  first,  but,  after  it 
became  sei'ious  in  the  mining  districts  of  Liege,  Mons,  and 
(  liarlcroi,  active  measures  for  its  repression  were  begun  by 
the  goNcrnment.  At  tlie  International  C^ongress  of  Miners 
in  li)(t."!  it  was  said  that  10,000  jniners  in  the  Liege  basin 
were  infected.  So  great  was  the  extent  that  sick  benefit 
societies  had  to  I'efuse  membership  to  men  working  in  some 
mines,  the  proportion  of  atTected  workmen  hieing  from  25  to 
75  ])ercent,  with  in  some  places  a  very  high  death  rate. 

In  France  the  miiu'rs  in  many  localities  are  also  seriously 
infected,  es))ecially  in  Anzin,  Valenciemies,  Lyons,  and  St. 
l^ticmie  C2  percent),  and  the  Loiie  basin  (5  percent). 

in  the  Dolcoath  mines  in  Cornwall,  England,  where  a 
se\cre  foi'm  of  anemia  had  been  noted  in  the  miners  for 
about  eight  xcars  previously,  l5oycott  and  Haldane,  in  Octo- 
her.  1!!()L\  showed  its  occurrence,  and  traced  it  to  miners 
who  had  li\ed  in  the  ti'opics. 

Stockman  (liH):))  i'e|)oi-ted  tlie  case  of  an  infected  miner 
in  Scotland  who  had  been  in  Tmlia. 

In  (lermanx  it  is  especially  in  the  Rhineland  and  West- 
jihalia  that  the  parasites  abound,  but  many  cases  occur  in 
the  \-icinity  of  l'.ei-lin  and  a  few  cases  liave  ])een  found  in 
Saxony,  iiil  reduced  hy  I'olish  mliu'i-s,  and  in  Silesia.  On 
^'k'  h'liiiie.  ("olo-ne.  IJoiin.  and  Aix  la-('ha]Hdle,  and  in 
Westphalia,  f'.s^en,  Doi-tmnnd,  and  IJochum  are  important 
foci. 
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The  possibilities  for  harm  of  the  disease,  outside  of  the 
trollies,  are  well  illustrated  by  the  conditions  in  the  West- 
phalian  mines.  Infection  there  was  brought  about  by  Ital- 
ian, Hungarian,  and  Polish  miners,  and  was  favored  by 
certain  factors.  One  was  the  rapid  increase  of  the  mining 
industry,  which  led  to  the  importation  of  20,000  new  miners 
in  a  single  year.  (In  the  year  1902  there  were  289  mines, 
with  256,000  miners.)  But  the  most  important  cause  was 
the  introduction  of  spraying  the  mines  with  water  for  the 
purpose  of  preventing  explosions  of  coal  dust.  On  Feb- 
ruary 17,  1898,  there  was  a  tremendous  explosion.  On 
July  12,  1898,  regulations  for  spraying  were  passed,  and 
put  into  execution  from  July  1,  1899,  to  January  1,  1900. 
The  effect  of  this  can  be  seen  in  the  following  table  after 
Oliver,  a  slight  decline  being  followed  by  a  notable  increase: 

„      .  Nmiiljer  ot        Number  Per 

^*'"^"*  iut'ectecl  mines,  of  cjises.  10,000. 

1896 15  107  6.4 

1897 31  113  6.2 

1898 23  99  4.9 

1899 26  94  4.4 

1900 40  275  11.7 

1901 63  1,030  40.6 

1902 66  1,355  52.9 

In  1901,  out  of  63  infected  mines,  57  of  them  were  watered, 
and  showed  1,021  cases.  The  other  6  infected  mines  were 
not  watered,  and  gave  only  9  cases.  At  one  time  in  AVest- 
phalia  there  have  been  25,000  cases  of  hookworm  disease. 

In  Africa,  Egypt  (90  percent  in  Cairo,  20 — 30  percent  in 
other  places),  and  the  Mediterranean  countries,  the  east  and 
west  coasts  to  the  Cape,  Uganda,  Mombosa,  Mozambique, 
Zanzibar,  Madagascar,  Mauritius,  and  the  Comoro  Islands 
are  all  infected,  but,  as  Zinn  and  Jacoby  first  pointed  out, 
the  African  negro  races  are  not  so  likely  to  show  severe 
symptoms  as  many  other  races.     In  Cameroon,  Kiilz  found 
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70  [x'lfi'iit  of  the  i)()i)ul;iti()ii  alTcctod,  and,  although  in 
a(hilts  the  synij>l(»iiis,  csiiccially  aiicinia,  were  less  marked 
llijiii  in  cliildi-cii,  many  even  of  llic  former  had  severe  pal- 
jiitatioii  (»r  tlic  licarl.  The  less  civilized  the  tribe  the 
grcaUT  was  the  extent  of  the  inlection.  In  Kimberly, 
Matliia>  dis'-ox cicd  the  disease  in  miners  in  189(5.  lu  the 
'rraiis\aah  Posjielt  found  iJl*  ]»ereent  of  native  miners  al'- 
f('<-ted. 

In  Madeira,  (iohlschmidt  discovered  two  foci,  a})[tarently 
du(!  to  i'etiii-ned  emigrants  from  l>razil.  The  infection, 
se\-ere  at  Jirst,  Ix'came  milder. 

In  Asia  there  are  many  severely  infected  areas,  including 
most  of  India,  where  it  was  first  found  in  1879  by  McCon- 
nell  (Calcutta).  China,  Cochin  China,  Burmah,  Siam,  Cey- 
lon, the  Malay  Aicliipelago,  Java,  J'orneo,  Formosa,  and 
.lapan.  in  da])an  the  parasites  were  first  found  l)y  Baelz 
in  1877.  The  infection  is  vei'y  i)revalent  among  country 
jieople.  but  as  a  rule  not  severe.  Cases  have  been  found  in 
Siberia,  derived  from  the  Japanese.  In  the  tea  gardeners 
of  Assam,  Dobson  found  ova  in  tlie  stools  of  -io-t  out  of 
574  immigrants  IVom  all  })arts  of  India. 

Manila  and  IIk;  Pliilii)pines,  (}uam,  Australia,  Ne^v 
(luinea,  l''iji,  and  the  Sandwich  Islands  are  also  severely 
alfected.  In  Manila,  Sti'ong  found  52  percent  infected 
among  4,01(i  Philippine  ])risoners.  Among  the  returned 
soldiei's  are  man>  cases,  most  of  whom,  fortunately,  in  re- 
tui'iiing  to  the  liiited  States  live  in  |)laces  not  favora])le  for 
1  he  d('\('lopment  of  the  larN'a'. 

In  Sdutli  America  the  disease  is  still  very  extensive,  es- 
lM'<-ially  in  I'.razil,  where  Wucherer  and  Lutz  made  such  im- 
portant obscrwitions.     It  occni's  also  in  other  parts  of  the 

•  ntincnt.  as  far  as  Ai-gentine.  and  in  the  islands  along  the 
I'anlcis  ftumd  parasites  in  52  ]iercent  of  autojrsies 
i'l  Dcmcrara.  Law  (li.'OS)  fcnml  45  i)ei'cent  of  the  )io)^nla- 
lion  infected  in  I'.ritish  (niinea. 


f'lasi. 
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In  Mexico,  Manuel  discovered  the  worms  in  1902  in  the 
southern  states  of  the  republic.  Alvarez  found  none  in  the 
north  (Sonora),  but  some  in  lower  California  and  Sinaloa. 

In  Central  xVmerica  the  disease  is  common  in  all  parts, 
especially  in  the  coast  countries  and  the  foot  hills.  Accord- 
ing to  Prowe,  legends  tell  of  its  existence — symptomatic, 
of  course — in  Guatemala  and  San  Salvador  for  centuries. 

In  all  parts  of  the  Antilles  the  disease  is  present.  In 
Cuba  it  was  first  shown  to  exist  by  Agramonte  (1902). 
Guiteras  finds  it  less  prevalent  in  Cuba  than  the  Porto  Rico 
Commission  found  it  in  the  latter  island. 

In  Panama,  in  the  pathological  laboratory  of  the  Ancon 
Hospital,  Whipple  found,  in  autopsies,  old  world  hookworm 
in  17  percent,  the  new  world  variety  in  21  percent  of  bodies. 
In  about  half  the  cases  of  the  latter  the  old  worm  was 
present,  but  uecator  Americanus  predominated  in  all  heavy 
infections.  Brem,  in  Panama,  found  hookworms  in  36.1 
percent  of  277  patients  from  various  parts  of  the  tropics. 

United  States. 

No  systematic  investigation  has  been  made  of  the  terri- 
tory known  to  be  infected.  Dr.  C.  W.  Stiles  has  made  sev- 
eral reconnoissances,  including  a  large  part  of  the  South. 
These  have  stimulated  many  valuable  observations  by 
physicians  in  various  parts  of  the  country.  The  extent  and 
the  intensity  of  the  infection  in  the  whole  population  can 
be  surmised  from  the  data  present,  l)ut  a  systematic  and 
extensive  search  is  very  much  needed. 

It  is  clear  that  the  country  from  Virginia,  at  the  Potomac 
river,  to  Florida  and  Texas  is  infected.  In  Virginia,  Clay- 
tor's  early  case  furnished  Stiles  with  the  first  specimen  of 
uncinaria  Americana.  Bagly  (1910)  believes  there  are  80 
percent  of  infected  work  people  in  the  cotton  mills. 


;;s  ii(M)|\\\(»i;m  iusiiase. 

Ill  \,,rtli  (';ir(«rni;i  tlic  discjise  is  even  iiioi'o  frequent,  as 
shown  l)\-  tlic  \;ilii;ilil('  woi'k  of  Xicliolsoii  and  Rankin 
(1!)04).  ^riicy  round  that  '.\'i  pci-ccnl  of  140  students  of 
\\;ik<'  t'orcsl  rnixci'sily  weic  infected,  iisiially  in  a  mild 
foi-ni.  Soinclinies  evei-y  man  from  a  given  district  ^Yas 
infected. 

In  Soutli  (  ai'olina  tin'  conditions  are  doubtless  equally 
sei-ions.  as  sliown  l»y  Stiles'  investigation,  but  extensive 
obscrxat ions  arc  lacking. 

In  (Icorgia  the  assertion  of  Harris  that  the  disease  is  one 
of  tile  comnionest  of  the  serious  diseases  was  found  justitied 
l.y  C.  A.  Smith  (  At lanta ),  Warfield  (Savannah).  A.  (J.  Fort, 
and  many  others. 

In  |-'lorida  extensive  ol)sei-\'ations  do  not  yet  exist,  but 
the  disease  is  fre(|nent,  as  Stiles  pointed  out  in  liis  early 
snrx'ey.  Kinyonn  (1!)()S)  found  \'ei'\'  nian_\'  liookwoi'm  car- 
rici's.  cspeciall)  among  negroes.  At  i)i'esent  active  efforts 
are  being  made  for  repression  of  the  disease. 

In  Alaliaina,  l)on(hirant,  of  ^toltile  (]90;>),  (irst  called  at- 
tention to  the  extent  of  the  disease.  TTai'rison,  of  Talledega 
(1!.'04).  made  an  importaid  addition  to  our  knowledge. 
Terry  (IDIO)  repoits  IT)  to  "_'()  percent  in  the  white  popula- 
tion infected,  and  Cole  and  Winthrop  (i-'iilc  'nifni)  show 
cNcn  nioi'e. 

In  Mi>slssippi.  15;iss  found  from  his  own  observations  and 
those  of  correspondents  that  up  to  .")()  jx-rcent  of  the  ]X)pu- 
Ia1i(-ii  were  affected,  and  concluded  that  practically  all  the 
i-iiral  iiopulation  of  the  southern  half  of  the  state  have  or 
liax'e  had  t  he  infect  i(tn. 

Ill  Louiviiina.  Lemann  and  (iuthrie  called  attention  to  the 
i"i|""'t:>'i<'<'  <'f  the  disease  in  IHO;!,  and  many  cases  have 
liecn  ohscTNcd  >itiiM-  then,  hut  no  extensive  sei-ies  of  eases 
li;i^  been  icpoi'tcd.  The  conditions  in  coimti-y  localities  are 
doiiiillos  ahoiil  the  sjinie  as  in  adjacent  states.     Gage  and 
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Bass  have  examined  90  students  in  the  Tnlane  University 
wlio  were  living  in  the  state;  42.4  percent  of  those  from  the 
country,  and  2.5  percent  from  the  city  were  found  infected, 
or  a  total  in  the  whole  state  of  20.7  percent  of  young  male 
adults  were  hookworm  carriers. 

In  Arkansas,  Deaderick  found  comparatively  few  cases, 
and  the  same  will  probably  hold  good  in  Tennessee. 

Texas  is  widely  affected,  as  Allen  J.  Smith  showed  early. 
Investigations  are  now  being  made  by  the  State  Board  of 
Health,  and  fully  confirm  the  wide  range  and  intensity  of 
the  infection. 

Valuable  information  appears  in  a  report  l^y  Dr.  Stiles 
to  the  Bureau  of  Labor.  (Annual  Eeport  of  the  Surgeon 
General  of  the  Public  Health  and  Marine  Hospital  Service 
of  the  United  States  for  the  fiscal  year  1908,  Washington, 
1909.) 

The  investigation  shows  that  12.67  percent  of  cotton  mill 
employees  are  hookworm  susi)ects.  The  percentage  varies 
with  sex  and  age. 

■^^  Percent 

suspects. 

Ovei-  20   years 8.4 

16  to  20  years 19.2 

Under  16  years    27.2 

Females    16.1 

Males    15.2 

Boys  under  16  years 29.4 

Girls  under  16  years 18.7 

Boys  16  to  20  years 20.7 

Girls  16  to  20  years 18.1 

Males  over  20  years 5.8 

Females  over  20  years 13. 

Interesting  observations  have  been  made  on  recruits  in 
the  United  States  Army.  Siler  (1909),  in  an  examination 
of  105  recruits  from  the  southern  states,  found  93  infected, 
or  88.5  percent,  and  85  percent  in  a  total  of  140  cases. 

Chamberlain  (1909)  found  60  percent  of  infected  men 
among  southern  recruits. 


40  ii()(»K  w  <)|;m  I)Isi:a.si;, 

The  (iltx'iN  ;it  ions  (if  (Ijiuc  .•iiid  l);iss  on  I'DC)  uiiiNcrsiiy 
.s|ii(icnts  nif  int('i-('st  iii.u-  in  coiniuirison  wijii  those  on  rc- 
frnit>.  lor  tlif}  dc'il  willi  yonni;'  men  ol'  nltoni  Jlic  same  aii,"e, 
]ii-('>nniaM\  ('(|nally  free  iVoni  ol»\ions  syniptoins,  |)i-ol)al)ly 
liclonuinu'  1<»  raniilics  in  hcttci'  ('ii'cninstaiices  tlian  tlioso  ol' 
IIh'  I'ccrnils.  and  not  so  mndi  oxjiosed  to  tlie  danger  of  in- 
fected soil.  The  liiiiires  art'  small,  but  no  selection  was 
made.  The  nnmher  of  woi'ms  recovered  from  tlie  subjects 
\ari(-d  iVoni  ."!  or  4  1o  iMd).  so  that  tlie  men  were  worm  cai'i'iers 
of  real  <lanu-er  nnder  conditions  favoral)le  to  the  dissemina- 
tion and  dexelopment  of  the  ova. 

I.(n-;ilil.v.  Positive.       Negative. 

.A.labama   14  19 

Ai'kaiisas 4  9 

Florida   1  4 

Ccoiiiia   7  7 

Illinois   2 

KciitiK  ky    (I  1 

i.ouisiana.  nutsii-c  New  Orleans 27  51 

i.ouisiana,  in  New  Orleans 1  ;;;) 

.Massa(  Imsetts   \ 

IVh'ssi.^-sippi    14  oj^ 

.AUssoMi'l    (I  3 

Oklahoma    i  3 

Pennsyh  ania    0  1 

South    Carolina D  3 

Tennc  ssee   ■>  g 

Texas    y  n 

Canada  -j^ 

I'orto   Ri<o -^  Q 

liouniania    i 


<  h 


It    <»r   till'   s:il.Jects    IVoiii    the   soittheili    states   outside 
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X<-w  Oi'leans  we  ,-et   a  )>ei-cejita,i;e  of  infected  students  of 

'1 
^^  '"^'"'"P  '■""'  ^'<'1»'-   ill   <"\aminin,o-  f.d   Alabama    medical 

student^,  found  ;;;;.  Ol-  :>()  pei-cent.  infected. 

I-ni-ther  facts  bearing  on   the  economic  aspects  of  liook- 

'""'"'  ^'""il'l  '"'  noted.     Among  the  females  of  child-bear- 


DISTRIBUTION.  41 

ing  age,  13  to  18  percent  are  unable  properly  to  nourish  in- 
fants. Of  males  of  military  age,  5.8  to  20.7  percent  are  rel- 
atively inefficient.  Among  children  of  school  age,  18.7 
(females)  to  29.4  (males)  are  unable  properly  to  profit  from 
study.  "Taking  all  the  statistics  together,  12.6  percent  of 
the  mill  population  are  affected  with  a  disease  which 
materially  inhibits  their  normal  working  powers,  and  hence 
inhibits  the  economic  development  of  the  community  in 
which  thev  live." 

It  should  also  be  noted  that  in  some  of  the  mills  the  pro- 
portion of  hookworm  cases  is  as  high  as  80  percent  among 
the  children. 

Stiles  has  also  pointed  out  the  part  the  negro  has  in  the 
perpetuation  and  spread  of  hookworm  disease.  Relatively 
immune  to  the  disease,  the  negro  is  an  extensive  worm 
carrier,  and  is  even  more  careless  as  regards  soil  pollution 
than  his  white  neighbor. 

In  general,  the  parasite  found  in  old  world  cases  is  ankyl- 
ostoma  duodenale;  that  in  America,  necator  Americanus; 
but  Leiper  found  the  latter  widely  distributed  in  the  tropics, 
especially  in  Africa.  It  has  been  found  in  returned  immi- 
grants in  Italy,  from  Brazil  as  well  as  from  the  United 
States  (Schifone),  and  also  in  other  localities,  but  appar- 
ently has  not  yet  spread  beyond  the  immigrants.  Necator 
Americanus  has  also  been  found  in  patients  from  various 
parts  of  Asia,  Ceylon,  the  Philippines,  and  Australia,  in 
the  Hamburg  Sailor  Hospital  (Eodenwaldt),  and  by  Noc  in 
Cochin  China.  Looss  found  it  in  pygmies  in  Africa,  and 
Fiilleborn  in  Cameroon.  Da  Silva  Pinto  finds  necator  more 
frequently  in  the  state  of  Sao  Paulo  in  Brazil  than  ankyl- 
ostoma.  Branch  thinks  necator  may  be  the  original  and 
more  common  tropical  hookworm.  The  conditions  of  work 
and  travel  at  the  present  time  are  such  as  to  cause  even 
greater  mingling  of  the  two  species  than  occurs  now. 


4'J  HOOK  \\(»i:.M  Disi;  Asi:. 

Climate. 

Tlic  cliict'  r.-iclors  ill  the  cxislcncc  of  liookworiii  infection, 
uivcii  tlu'  iircsciirc  of  the  painsilc.  ;is  by  fresli  importation, 
ai<'  lii.uli  tcnipcralin'c  aii<l  moisture.  The  extent  of  tlie 
disease  in  the  trollies  makes  this  clear,  and  tlie  intensity  of 
the  disease  in  the  ti-ojiics  even  clearer.  Outside  the  tropics, 
mines  offer  the  hest  conditions  for  the  disease  to  exist.  Not 
all  miries  are  e<|ually  atfected,  even  wlien  miners  carrying 
woi-ms  are  em])loyed.  Tn  the  mines  of  Pas-de-Calais,  for 
example.  r>reho7i  found  only  two  infected  miners,  and  they 
had  come  from  a  mine  near  Mons,  in  Belgium.  The  mines 
at  Pas-de-Calais  have  neither  liigli  temperature  nor  great 
moisture.  So  also  in  Bohemia  no  cases  were  found  until 
li!().*!.  and  since  then  only  a  few.  But  the  mines  are  not 
xci'v  deep  and  the  temperature,  accordingly,  not  very  high. 
W'ainwriglit  and  Xichojs  (1!)()4)  made  a  large  series  of 
observations  in  the  anthracite  coal  mines  of  Pennsylvania, 
hut  I'onnd  hookworm  in  only  one  case. 

Tenholt  ,i;ives  an  instructive  table  showing  the  relation 
of  tempe;'atm-e  in  mines  to  infection  in  AVesti)lialia. 

'riiii|ii'r;iliirc  Nuiiiliei- of         Perccntatre 

woi'kmen.  of  iiil'prtrd. 

UfMow  i7'c.=:i:i2.t;'=F 3(;,n33  (ij; 

17  =  — 2(rC.— (i2.(r— ex  F 68,604  0.4 

2(i'_22°C.=(;,S— 71.(1  F 43,710  2.-5 

22"  — 25'^C.=71.(i'— 77  F 39,836  11.7 

.Mhivp  2.V  C.=77  F <),S53  39.9 

(The  most  faxorable  tcnipei-at ure  foi"  the  development  of 
the  laiva'  i>  fioni  L'.")  to  lu)  (  ..  or  IHS)  to  Ho"  V.  Below  22° 
<  '•  '»r  (  !     y.  few  o\-a  de\-elo)).) 

'I  he  hul  season  in  countries  with  temperate  climates  may 
assist  in  1  he  dcxclopnicnt  of  liookworm  lar\:e  in  ])erinanent 
'"■  '"■iiiporarx-  watci'  or  in  damp  earth,  but,  owing  to  the 
'•'"-' 'i  "I"  'iiiic  the  larva'  riMpiirc  in  order  to  reach  the  in- 
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feeling  age,  sucli  regions  are  rarely  intense  seats  of  the 
disease. 

The  relation  of  moisture  to  hookworm  infection  has  been 
noticed  by  all  who  have  studied  the  disease.  In  the  tropics, 
in  brickyards,  and  in  tunnels  and  mines  (coal,  tin,  sulphur, 
gold,  diamond,  etc.)  a  certain  degree  of  wetness  of  the  soil 
has  been  found  to  obtain  wherever  the  hookworm  disease 
occurs.  This  agrees  with  facts  regarding  the  life  history 
of  the  parasites,  which  will  be  discussed  in  another  place. 
Turner  explains  the  absence  of  ankylostomiasis  in  certain 
South  African  mines  by  the  acidity,  from  sulphuric  acid, 
of  the  water.  Deep,  warm,  wet,  and  alkaline  mines  are 
especially  affected. 

Stiles  has  shown  that  in  the  southern  states  sandy  soil  is 
more  favorable  than  clay  for  the  production  of  the  disease. 
This  is  probably  due  to  the  fact  that  in  wet  sand  the  larvse 
can  easily  avoid  drying  and  at  the  same  time  obtain  oxygen. 
On  dry  soil  the  larvae  soon  die,  and  among  dwellers  of  such 
places,  as  the  iVrabs  of  the  Sahara  desert  and  the  Soudanese, 
the  disease  is  rarely  seen.  Deaderick  has  pointed  out  that 
alluvium  offers  favorable  conditions  for  the  larvjp,  and  that 
all  the  ground  conditions  are  not  yet  known.  The  Porto 
Rico  Commission  has  also  shown  that  not  only  alluvium,  but 
also  clay  soils,  offer  numerous  foci,  Init  Leichtenstern  could 
find  no  larvae  in  the  clay  of  brickyards.  It  is  important  to 
distinguish  between  pools  of  water  that  may  long  remain 
on  clay  and  earth  free  from  water.  The  life  history  of  the 
larvae  (see  Chapter  III)  will  throw  much  light  on  the 
subject. 

Shade  is  an  important  element,  and  will  have  to  be  con- 
sidered in  connection  with  the  life  history  of  the  larvae  and 
the  modes  of  infection.  Elevation  is  of  no  importance  if 
the  other  conditions  are  favorable;  mountains,  as  the  St. 
Gothard  tunnel,  over  3,000  feet  above  sea  level,  as  well  as 
coast  lands,  are  involved. 


-j 4  ii(»(»K  \\  (ti;.M  i)isi;.\si;. 

Occupation  and  social  position  of  hookworm  subjects. — 

I  Idokwoniis  nrrcct  cspccinl ly  those  wlio  liax'e  intimate  re- 
lations to  tlio  soil.  Ill  the  troiM<'s  il  is  osjiocially  tlic  poorer 
clas.sos,  \\\o  a.ui'iciillurists  and  tlicir  raiiiilics,  tliat  are  af- 
rci'lcd.  .\cc(»i(liiii;-  to  ilic  Torto  Ivico  (  ommission,  for  ex- 
ample. S.")  percent  of  the  nearly  one  million  inhabitants  are 
])ooi'  and  75  ])ercent  are  a.uricnitnrists.  ''The  poorer  the 
man.  tlie  more  exposed  is  lie  to  lieavy  infection.  Coffee 
pick(M's  and  laborers  on  coffee  estates  are  the  most  exposed 
of  all  lahorers  on  the  island.  Infection  on  sugar  planta- 
tions is  not  so  common.  l)nt  is  nevertheless  frequent,  espe- 
cially in  the  irrigating  ditohes."  Washing  at  the  edges  of 
streams  and  banana  culture  are  other  occupations  leading 
to  inrection.  ( )ne  of  us  has  observed  many  instances  in 
charcoal  burnei-s  and  turpentine  "di])pers."  The  people 
come  IVom  inTecteil  regions,  and  their  occupations  offer  fa- 
voralile  conditions  I'oi-  the  spi'ead  of  the  disease. 

(iardening  is  a  jiossihle  means  of  infection  in  the  well- 
to  do,  as  also  in  jirofessional  gardeners. 

In  many  regions  outside  the  tropics,  hookworm  disease  is 
rather  a  trade  disease  than  an  endemic.  Mining  and  l)rick- 
making  have  fre(|nently  been  alluded  to.  The  details  of  the 
mode  of  infection  ai'e  discussed  in  diapter  T\\  Init  it  may 
be  said  here  that  in  many  ] daces  the  wives  and  families  of 
miners  and  brickmakei-s,  and  sometimes  gardeners,  do  not 
sliai'e  the  disease. 

Barefooted  children.  In  certain  occupations  infection 
take<  place  throniih  the  hand,  tlie  liare  feet,  or  through  de- 
t<'cti\-e  hoots.  An  imitortant  cause  in  the  southern  United 
States  is  the  habit  among  childi-en,  even  of  the  better 
classes,  in  the  country  of  ,-oing  barefoot.  Not  only  country 
cliildreii.  \)u\  city  cbildi-en.  in  tlie  summer  vacations  have 
^■ronnd  itdi.  and  later  hookworm  disease,  as  we  have  ascer- 
b->ined  in  dozens  of  instances.     Even  adults  occasionallv  o-et 
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infected  by  wading  in  pools,  yielding  to  what  Claude  A. 
Smith  aptly  calls  "the  joy  of  going  barefoot."  In  heavily 
infected  regions  persons  of  all  kinds  of  classes  and  occupa- 
tions, and  of  all  ages,  occasionally  get  the  disease.  In 
some  of  these  the  method  of  infection  is  obscure.  Dirty 
vegetables  or  fruit,  or  skin  infection  by  larvne-containing 
water,  are  the  most  probable. 


CllAlTER  in. 

Z()()L()(il("  KEATURES. 

Ilookwoi'tiis  licloiiu'  to  till'  class  of  iH'inatodes,  the  family 
stroiiii'vlida'  and  sulifaiuii\-  sti-()ii.i;ylina\ 

The  iiciiialodcs  fonn  a  vciy  lai'.^c  class  of  worms,  usually 
loii,i>-  and  iian-ow.  fi-om  1  millimeter  to  40  to  100  centimeters 
in  Icnutli,  round  on  section,  and  sometimes  liairdike  in  their 
pi-oportioii-.  'riic  sexes  are  nsnally  distinct;  the  males 
usually  suiallcr  than  the  females,  and  g-enerally  distin- 
"•nislied  also  ])\  the  shape  of  tlie  tail  end,  which  is  some- 
times rolled  in  a  circnlar,  spiral,  or  cork-screw  manner; 
sometimes,  as  in  hookworms,  spread  out  like  an  uml)rella, 
(II-  fumiel  slia]>e.  ''J'he  length  of  the  hody  is  sometimes 
luaiked.  as  in  ascaris,  hy  fonr  longitndinal  bands.  There 
ai'e  in  some  sjx'cies  circular  striations.  and  in  others  the 
hodies  ji'-e  snioolli.  oi"  furnished  witli  papilht'  or  other  ap- 
iM'iidaucs.  The  mouth  end  varies  in  shape  in  different 
genei-a.  is  generally  narrower  than  the  hody  heyond  it,  and 
jKissesses  six  papilla-.  It  ])asses  into  a  mnscular  esophagns, 
that  also  \-ai'ies  in  sliajie  and  ]iro|)oi-tion  in  different  genera, 
and  tlii>  in  turn  is  followed  hy  the  chyle-gnt  and  the 
rectum,  which  ojieiis  ueai-  the  tail  end  of  the  worm.  The 
n<'i-\'es  of  iieiuatodes  are  juade  np  of  scanty  groni)S  of  gan- 
,i:lioii  cells  and  lihers.  es])e('i;ill\-  well  developed  aronnd  the 
e-op|i;i,uiis.  The  i>ai'asitic  species  have  no  s])ecial  sense 
origans.  Soiue  tree  li\ini;-  ones  have  two  reddish  eyes,  fnr- 
iil-lied  iu  some  species  with  lenses.  ^I'he  excretory  organs 
<-ou-i>t  ol  a  system  ol"  tuhes,  ending  iu  an  excretory  ]tore. 
The  uvuital  (U-,u;ms  ;ire  tuhular.  That  of  the  nude  opens  in 
'■'"ii'iion  with  the  rectuui.  and  that  of  the  fenude  is  separate 
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from  and  usually  anterior  to  the  anus.  All  nuile  nematodes 
have  preanal  and  postanal  papilUe,  which  are  used  in 
specitic  differentiation.  The  eggs  are  so-called  **  simple 
ova,"  containing  only  one  kind  of  cell,  and,  though  varying 
considerably,  are  usually  characteristic  for  each  species. 
Some  species  are  oviparous,  and  others  viviparous.  The 
development  of  nematodes  is  simpler  than  that  of  tape- 
worms or  flukes.  In  many  cases,  as  ascaris,  trichocephalus, 
and  oxyuris,  there  is  no  intermediate  host;  in  others,  as 
dracunculus  and  tilaria,  there  is.  In  some,  as  strongyloides, 
there  is  reproduction  outside  the  definitive  host.  In  the 
case  of  hookworms,  as  we  shall  see,  part  of  the  development 
of  the  larvae  takes  place  outside  the  host.  Very  few  nema- 
todes (strongyloides)  reproduce  outside  the  definitive  host. 
Round  worms  live  partly  in  fresh  or  salt  water,  in  earth 
or  mud,  in  decomposing  matter  of  all  kinds,  partly  parasitic 
in  various  organs  of  animals,  and  very  often  in  plants. 
Familiar  examples  are  the  common  intestinal  round  worm, 
ascaris  lumbricoides,  the  ''vinegar  eel"  (anguillula  aceti), 
and  the  trichina  spiralis  (trichinella) ;  one  of  the  most  in- 
teresting is  the  "liair-worm"  (gordius),  popularly  su])- 
posed  to  develop  from  horsehair  put  in  water  for  that  pur- 
pose, and  in  rare  cases  found  as  a  parasite  in  man. 
The  nematodes  are  subdivided  into  eight  families: 
1'.  EnoplidjT.     Live  free;  many  species  in  sea  water. 

2.  Anguillulida^.  Characterized  especially  by  a  double 
swelling  of  the  esophagus  ("rhabditic") ;  live  free,  es- 
pecially in  fresh  water  or  in  earth,  or  in  decomposing 
material  ("vinegar  eels");  many  are  parasites  of  plants, 
and  a  few  of  animals.     Many  are  very  minute. 

3.  Angiostomidae.  Developing  by  heterogeny,  contain- 
ing the  genus  strongyloides. 

4.  Gnathostomidjp.  A  small  family,  often  ])arasitic  in 
wild  animals,  l)ut  very  rarely  in  men. 
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.").  l-'il;ii-i(l;i'.  Vvvy  l<»n.i;'.  imrrow  woi-nis,  rcjjrcsciited  by 
scNcral  si»('ci('s  of  iiiipoilniit   p.-irnsilcs.  includiiii;-  tilaria'. 

(■).  'ri'i('li(tli'a('Iiili«la'.  ( 'oiilaiiiiii,^-  several  iiiii»(>i-tant  para- 
sites, espeeiall)  trichina  ( t  ricliiiiel  la  )  and  t  I'iclioceplialiis,  or 
IJie  w  liiiiwonii.  a  coininoii  pai'asite  of  man  in  warm  eomi- 
tries. 

7.  Stron^x  lida".  A  \-ery  lari;-e  ,i;i'on|)  subdivided  into 
sexci'al  subfamilies,  besides  hool<\voi'ms,  enstron,t;\'his, 
st  i-oiiii_\lns.  and  sclerostoma  belong'  to  tJiis  family. 

S.  Ascarida'.  ( 'ontainin.i;'  the  common  parasitic  ronnd 
wornrs  and  pinwornis.  and  some  others. 

""J'he  stron,i;\ Tnhr  foi'm  a  very  lar,<;-e  family.  They  are 
characterized  by  lont;',  cylimh'ical  bodies,  rarely  filiform; 
the  possession  of  six  oral  [>apill;e — two  lateral  and  fonr 
snbmedian — generally  piojectini;-  in  the  form  of  nodules  or 
conical  points;  a  mouth  capsule  with  t)r  without  teeth, 
eitliei-  in  the  body  axis  or  tui'iu'd  dorsally  or  ventrally.  The 
esophagus  is  moi'e  or  less  swollen  in  the  posterior  part.  Idie 
males  ha\e  a  "bnrsa  copniatrix"  and  one  or  two  spicules; 
the  females  lia\'e  one  oi-  two  o\'ai'ies.  Idie  egg'S  ai'e  usually 
deposited  ill  segmentation,  sometimes  containing  the  em- 
bryo. The  sexes  are  distinct.  lnii)ortaut  members  are  the 
"colic  worms"  of  horses  and  the  kidney  worms  of  hogs  (but 
not  the  l<idne\-  worms  of  dogs  and  man — Stiles),  the  "gape 
worms"  of  chickens,  and  the  hookworms.  AFany  others  are 
IriMpient  parasite-  of  \arioiis  lower  animals,  and  occasioii- 
■■'ll\'  of  man.  The  members  of  the  family  liave  undergono 
inan_\-  changes  of  nomenclature,  not  neeessar\-  to  describe 
liill\'  in  this  |ilace.  There  is  also  much  difference  of  opinion 
re^ai-dinu-  the  nomenclature  and  classilicatioii  of  the  hook- 
worms. The  followinu-  list  shows  some  of  the  most  im- 
pm'lant  synonyms  in  chronological  order: 

l?"^'.':   nncinaria      t'rillich. 

I'^T'l:   audiylovtoina  dnodenale      |)iibini. 
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1845:  ancylostoaia  duodenale — Creplin. 

1850:  anchylostoma  duodenale — Dubini. 

1851 :  aneylostomiiiii  duodenale — Diesing. 

1851:  strongylus  quadridentatus — vou  Siebold. 

1851:  sclerostoma  duodenale — Cobbold. 

1861:  doclimius  anchjdostonium — Molin. 

1861:  monodontus — Molin. 

1866:  strongylus  duodenalis — Schneider. 

1876:  doclimius  duodenalis — Leuckart. 

1879:  ancliilostoma  duodenale — Bozzolo. 

Ankylostoma  Duodenale. 

The  generic  name  above,  or  ankylostomum  duodenale,  or 
ancylostomuni  duodenale  (French,  anehylostome;  German, 
ankylostomum  or  anchylostomum;  Italian,  ancliilostoma)  is 
preferred  in  England  and  the  continent  for  the  old  world 
hookworm.  No  matter  how  spelled,  Dubini's  name  seems 
justified  by  the  accuracy  of  his  description.  The  spelling 
"agchylostoma,"  passable  in  Italian,  would  have  to  be 
latinized  for  international  nomenclature,  "ancvlostoma" 
being  the  correct  spelling. 

The  name  uiicinaria  was  widely  adopted  in  America  by 
reason  of  the  important  work  of  Stiles,  though  Looss  from 
the  beginning  ol)jected  to  the  change  on  account  of  the  fact 
that  the  genus  uncinaria  of  Frolich  agrees  with  the  type 
criniformis  (Goze)  more  than  with  ankylostoma  duodenale 
(Dubini).  More  recently  (1907),  Stiles  states  that  "the 
old  genus  uncinaria  (type  vulpis  =  criniformis)  must  be 
divided  into  at  least  four  smaller  groups:  uncinaria  (type 
vulpis),  agchylostoma  (type  duodenale),  necator  (type 
Americanus),  bunostomum  (type  trigonocephalum),  and 
probably  into  several  additional  units.  .  .  .  Evidence 
is   accumulatino-  to   the   etfect  that  thev  should   be   o'iven 
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ociicric  rank.'"  Tlic  rccciil  ( IDOD)  classification  of  Railliet 
and  Il('iii\  shows  the  same  tendency.  Besides  the  two 
liiiiiiaii  .-[K'cics  of  aiik\  losloiiia  and  iiecator,  tliere  are  sev- 
eral s])ecies  ol'  the  licniis  uncinaria  which  are  found  in 
lower  animals — e.  g. : 

rucinaiia  caiiina, 

I  lU'inai'ia  sicnoceitliala, 

I  iicinaria  li'igoiioce])liala, 

I'ncinai-ia  (ankylostonia)  tuhu'rorniis,  or 

Tncinaiia  perniciosa,  iin  cats. 

IJncinaiia  Ikilsaiuoi, 

Uncinaria  ti'ogocephahi,  m  sheep. 

Unciiiaiia  ladiata,  in  cattle. 

Uncinaiia  Lucasi,  in  seals  (tlionght  hy  Looss  to  be  the 
cause  of  the  great  mortality — 17  i)ercent — of  suckling  seals 
on  the  Pril)il()ff  Islands). 

rn('ina.ria  os  pa[)illatum,  in  elephants. 

There  is  no  proof  that  any  of  these  infect  man,  and  among 
lower  animals  each  genus  infested  seems  to  have  its  own 
species  of  hookworms.  The  worm  supposed  by  Rathonyi  to 
be  a  hookworm  in  mine  horses  in  Hungary  has  been  shown 
to  be  a  sclerostoma. 

in  oi-der  to  make  clear  the  anatomic  features  of  human 
liookwoi-m.  it  seems  best  to  describe  at  length  the  one  long- 
est known,  and  to  mention  more  l)riefiy  the  points  of  differ- 
ence in  the  new  woi-ld  pai-asite.  In  this  we  follow  the 
moi-e  exhaustive  descriptions,  especially  of  Looss,  Stiles, 
and  Allen  .].  Smitli. 

The  old  woild  hookworms  are  small  and  almost  cylin- 
<lrical.  the  male  aixtnt  ll»  millimeters  long  and  0.45  milli- 
metei's  wide,  the  female  1  L*  to  IS  jnillimeters  long  and  O.GO 
millimeters  wide.  (  frontispiece. )  In  both  sexes  the  an 
terior  end  tapei's  gradnall>-.  hi  the  female  the  posterior  end 
tapei>  to  a  line  point  or  spine.     (  Fig.  1.)     TJie  posterior  end 
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nl'  llic  iii.-ilc  taixTs  ill  about  11h'  last  (quarter  of  its  length,  but 
til,,  tip  (if  t  lie  tail  is  coiiccaUMl  hy  the  l)ursa,  which  flares  out 
t(.  a  widlli  ('.|ual  to  that  of  the  thi<'kest  i)ai't  of  the  body,  or 
cvni  more,  uixiiiii'  the  tail  end  a  s(tuare  or  sometimes  con- 
cave appearance  at  the  end.  The  cohjr  when  alive  is  some- 
what tlesh  red  or  cream  color;  when  (U'ad,  duller,  gray  or 
grayish  white.  The  j)osterior  two  tliirds  are  often  brown 
or  reddish  hrowii.  from  blood  in  the  intestine.  The  skin  is 
smooth,  delicate,  witli  tine  transverse  striations.  With  the 
heiidiiig  of  the  woi'in  transverse  fohls  are  formed,  especially 
ahout  the  head.  Tlie  name  hookworm  is  often  supposed  to 
be  (hie  to  the  bending  of  tlie  liead  backwards,  and  this  is  so 
striking-  a  feature  that  tlie  sui)i)osition  is  natural,  though 
the  iiaiiie  was  given  on  acconnt  of  other  ''hooks,"  as  has 
Iieen  mentioned  before.  Eight  (Smith) — Looss,  four — mns- 
cular  bands,  most  i)lainly  defined  on  the  sides,  symmetric- 
ally arranged,  run  the  length  of  the  l)ody,  merging  to- 
gether laterally  to  form  a  fairly  continuous  body  wall,  and 
in  the  male  help  to  form  the  l)ursal  ribs. 

P>esides  the  ]ii()])er  skin  muscles,  Looss  describes  certain 
s])ecial  muscles,  such  as  the  anal  muscles,  in  female  worms 
only;  the  vulvar  muscles;  the  eei)halo-esophageal  muscles, 
which  pass  from  the  top  of  the  nervous  ring  to  the  surface 
of  the  eso])liagus,  and,  extending  obliquely  forward  through 
the  body  cavity,  are  insei'ted  ])artly  in  the  skin  and  partly 
in  tlie  mouth  capsule.  They  probably  assist  in  the  move- 
ments of  the  head,  as  well  as  in  those  of  the  buccal  capsule. 
The  end  of  the  chyle  gut  is  surrounded  by  a  network  of 
muscles,  es|)ecially  well  (hncloped  in  males.  In  both  sexes 
there  is  a  sphincter  muscle  of  the  rectum.  FTnally,  there  is 
a  complicated  s\steni  of  inuscles  in  connection  with  the 
tail  end  ol'  the  male. 

The  liody  cavity  is  dixided  by  a  membi-anous  septum  at- 
tached dorso  ventrally.  in  the  folds  of  which,  as  in  a  mesen- 
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can.  cenrg/ 3--- 


Fig.    2.     Male   hookworm    (ankyl- 
ostoma    duodenale)     of    man.     ac.    p., 
accessory  piece  to  spicules;  o.  p.,  anal 
papilla;  b.  c,  buccal  capsule;  can.  cerv. 
gl.  s..  canal  of  left  cervical  gland;  cerv. 
ill.  d.,  right  cervical  gland;  cerv.  gl.  s., 
left    cervical    gland;   cu.,   cuticle;    cul., 
of     testicular    tube;     e., 
c'.,      posterior      end      of 
.  p.,  ventromedian  excre- 
can.,     ejaculatory  canal; 
:;  I.  r.,  lateral  ray  of  bur- 
sa;    »!.,     muscular    layer;     p.,    lateral 
precaudal    papilla;    sp.,    spicules;    sp' ., 
anterior  end  of  spicules;  test.,  testicu- 
lar tube;  ves.  sem.,  vesicula  seminalis; 
V.   r.,   ventral  rays  of  bursa.     Greatly 
enlarged.       (After    Schulthess,    copied 
from  Blanchard.) 
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t,.ry.  111.-  ;iliniciitary  cntml  is  siii)iH)rt(M].  hi  tlic  two  divi- 
sions of  the  c.-ivily  arc  tlic  ccrvicnl  and  ('S()])]ia,i;'eal  glands, 
llie  sexual  tiilK's  ;iiid  -lands.  ;uid  the  anal  glands.  (Fig.  2.) 
'riic  ;irniu'niary  appai-alus  consists  of  the  mouth  and  its 
npi'ciidagos,  the  csopliagus,  and  the  straight  intestinal 
,-;i!iaL  wliich  ("xtcuds  to  the  posterior  end  in  eaeli  sex,  termi- 
iialing  indo])("nd("nt!y  in  tlio  female,  hut  in  the  male  forni- 
iiiu- ;i  cloaca  with  the  sexual  apparatus. 


l'"i.Lr^   .'I.      I  1(1)  sal   \;i'\v  o\'  antriinr  rnd  of  tlir   old   worhl   hiji)k\\urm    i,uiikylos- 
tiiina,  liiiDdi-iiali/,)   uf  man.      Orcatly  enlarged.      (Al'tei-  I'erroneito.) 

Tlie  moutli  parts  of  a  hookworm  ai"e  remarkahle  and  eom- 
pli<'atc<l.  ;uid  runiish  important  features  for  the  specific 
diagnosis  of  the  worms,  ^flie  montli  in  the  old  world  worm 
opens  toward  the  hack  of  the  ])arasite,  on  acconnt  of  tlie 
dorsal  lieiid.  so  that  the  !-im  of  the  mouth  is  nearly  or  quite 
]»arallel  to  the  long  axis  ol'  the  hody  of  the  worm.  (Fig.  1.) 
n'lie  moutli  capsule,  or  '"huccal  capsule,'"  is  of  half  oval  or 
cup  shape,  the  anterior  axis  ciirx'ed  and  long,  the  })()sterior 
shoi-ter  and  Jieai'ly  straight.  The  hottom  of  the  month  cav- 
itv  is  flat,  uneven,  aii<l  ijcarlv  traiisxcrse  to  the  long  axis  of 
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the  animal.  (Fig.  3.)  Seen  from  the  front,  the  mouth 
is  somewhat  longer  dorso-ventrally  than  laterally.  The 
framework  of  the  month  is  made  np  of  a  number  of 
chitinous  plates,  or,  according  to  Looss,  a  continuous  plate 
with  suture-like  depressions,  giving  it  rigidity,  but  per- 
mitting changes  of  shape,  such  as  are  demanded  by  the 
function  of  the  mouth,  and  especially  holding  on  to  or  let- 
ting go  the  mucosa  of  the  host.  The  shape  of  the  opening 
varies  much  with  the  degree  of  dilatation  of  the  orifice  at 
the  time  of  examination  or  fixation.  On  the  ventral  side  of 
the  capsule,  just  within  the  cavity,  are  two  pairs  of  sharp- 
pointed,  curved,  hook-shaped  teeth;  at  the  base  of  the  cap- 
sule, on  the  ventral  side,  two  triangular  pointed  teeth,  or 
*' lancets,"  and  on  the  front  of  the  dorsal  part  two  tooth-like 
structures  separated  by  a  fissure.  "Beneath  the  buccal 
rim  the  lining  of  the  cavity  is  thrown  into  six  papillary 
prominences,  characteristic  of  the  entire  group."  (Smith.) 
In  the  middle  of  the  dorsal  wall  of  the  mouth  capsule  is  the 
orifice  of  the  duct  of  the  dorsal  esophageal  gland.  From 
the  hook-shaped  ventral  teeth  the  so-called  cervical  glands 
extend  almost  to  tlie  middle  of  the  body.     (Fig.  8.) 

The  esophagus  begins  at  the  base  of  the  buccal  capsule, 
and  extends  as  a  thick-walled,  long  fiask-shaped  organ,  700 
to  800  microns  long  and  150  to  175  microns  wide  at  the 
widest  (posterior)  part.  Its  lumen  on  transverse  section  is 
triangular  or  triradiate.  At  the  lower  end,  above  the  nar- 
rower intestine,  is  a  trilobed  valve.  Looss  says  the  muscles 
along  the  three  angles  of  the  esophagus  can  be  distinguished 
optically  and  chemically  from  the  ordinary  muscles  along 
the  lumen.  Between  the  esophagus  and  the  body  wall  are 
the  well-developed  nervous  system  and  the  esophageal 
glands.  The  former  appears  to  communicate  directly  with 
the  nervous  ring,  and  consists  of  three  longitudinal  nerves 
which  run  the  whole  length  of  the  esophagus  in  the  middle 
line  of  the  three  sectors.     At  three  places. are  annular  com- 
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iiiisiir.-il    liliers,    rroiu    wJiii'li   iiiR-r   iibers   i)a.ss    in   dilTereiit 
(lii'cM'lioiis. 

I.\  iiiu'  ill  the  llircc  lii'oovcs  nloii,^'  tlic  csopliM.ii'iis  are  three 
small  .ulaiids,  called  the  e^()i)lia.n('al  inlands  (Figs.  8,  !)), 
wliicli  become  contiiiuoiis  toward  the  posterior  ])art  of  the 
esopliagus.  Their  ducts  pass  forward  and  empty  into  the 
Itiiccal  capsule.  According  to  Looss,  the  ducts  of  the 
lateral  glands  open  closc^  to  tlie  rim  of  the  month,  outside 
the  lateral  liook  shaped  teeth,  and  that  of  the  jiosterior 
gland  in  the  (h>rsal  wall  of  the  capsule.  Smith  is  not  able 
to  differeidiate  the  cei)halic  or  head  glands  of  Looss  from 
the  mdei'ior  ends  of  the  esophageal  glands. 

Xear  the  level  of  the  ])osterior  end  of  the  esophageal 
glands,  about  midway  in  the  length  of  the  esophagus,  or 
oOO  to  (iOO  microns  from  the  front  of  the  head,  on  each  side, 
is  a  small  conical  pa]iilla.  Through  this  opens  the  duct 
(sometijues  called  the  ^'excretory  canal")  of  the  cervical 
gland,  a  large  glandular  structure  lying  along  the  caudal 
end  of  the  esophagus  and  the  cephalic  end  of  the  intestine. 
(  i-'igs.  8.  9.)  The  chyle-gut  is  made  u])  of  two  rows  of  cells, 
surrounded  by  a  muscular  wall. 

On  each  side  of  the  anus  in  each  sex  are  several  small 
bodies  foi-inerly  called  ganglion  cells  or  "anal  glands," 
which  open  iido  the  intestinal  canal.  Their  function  is  un- 
known. 

The  sexual  opening  of  the  female  in  anhylostoma  duo- 
(Icnalc  is  at  the  posterioi-  tliii'd  of  the  body,  ^^tink  (T*!09) 
reported  an  anonial>-  in  an  old  world  woim — the  vagina 
<M"'>i"ng  at  the  junction  of  the  anterior  and  middle  thirds. 
'I  he  short  \a.uinal  tube  ])asses  in  and  divides  into  an  an- 
tcrioi-  and  posterior  utei'us.  each  one  continuous  with  the 
nai-i'ow  ovary  which  lies  in  ti-ansversc  folds  along  the  in 
t<'stme.  According  to  l.o(,ss  the  length  of  <'acli  genital  tube 
is  five  to  six  tlnic<  the  length  of  the  bodv  of  the  worm,  the 
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total  length  therefore  being  ten  to  twelve  times  as  long. 
The  beginning  of  the  nterns  in  all  mature  females  contains 
masses  of  spermatozoa,  and  is  sometimes  called  the  "recep- 
taculum  seminis."  The  ovary  of  the  posterior  uterus  coils 
upon  itself  and  passes  forward,  to  terminate  with  the  an- 
terior ovary  in  the  anterior  half  of  the  body  of  the  worm. 
At  the  end  of  the  vagina  is  the  complicated  "ovijector," 
surrounded  by  a  dense  layer  of  muscle  cells.  Looss  gives 
the  two  parts  of  this  organ  the  names  "pars  haustrix"  and 
"pars  ejectrix." 

Within  the  uteri  the  characteristic  ova  are  seen  in  great 
numbers,  and  in  varying  degrees  of  segmentation.  Smith 
speaks  of  some  with  embryos  in  the  uterus,  but  does  not  say 
whether  these  were  in  recently  passed  worms.  We  have 
never  seen  this,  and  think  it  probable  the  embryos  had  de- 
veloped after  the  worms  left  the  body  of  the  host  in  old 
specimens. 

The  male  sexual  glands  have  an  appearance  analogous 
to  that  of  the  female,  and  consist  of  a  long  plicated  tube 
along  the  intestine  on  each  side  of  the  worm,  reaching  as 
far  as  the  cervical  glands,  opening  into  a  sac,  the  seminal 
vesicle,  about  the  middle  of  the  body.  From  this  a  tube, 
the  ejaculatory  duct,  passes  to  the  cloaca,  which  opens  in  a 
papilla  on  the  ventral  side  of  the  tip  of  the  tail,  within  the 
bursa.  (Fig.  2.)  The  duct  is  covered  by  the  "cement 
gland,"  the  secretion  of  which  serves  to  fasten  the  male  to 
the  female  during  copulation.  The  opening  of  this  is 
guarded  by  a  chitinous  forked  process,  the  point  directed 
toward  the  tail,  and  the  intercornual  space  occupied  by  a 
delicate  valve-like  layer.  From  the  opening  two  long 
slender  "spicules"  (Fig.  2)  extend.  They  vary  in  length, 
but  are  almost  two  millimeters  long  generally.  Fach  one 
has  at  its  base  an  "exsertor"  muscle  and  two  retractor 
muscles. 
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Tlic  Imu'sii  is  an  iiiiibi'clla  like  expansion  of  cuticnlar 
folds,  snppoi'tcd  by  cxlciisioiis  of  the  mnscnlai'  body  wall, 
spoken  of  as  ra\'s.  'The  dorsal  lol)e  is  not  dix'ided,  and  the 
<loi-sal   rays  ai'e  united  1o  ahont  two-thirds  of  their  length 


I  )iiism1  ray 


I  lorsnl:!  liTal  ra  \' 


Tail 


X'ciitnilatcral 
v:\y 

N'lMitial   ra\' 


l'"iK.  I-  .1.  <-aiidaI  bursa  ami  tail  iif  mali'  iim  iiiaria  duodtMiali.s.  H,  caudal 
luirsa,  and  tail  oF  nialr  uiiciMaria  Anioi-icaua.  J^)ravvu  lo  scale  to  show  differ- 
cnco  in  i^\y,c.      (After  Allen  .1.  Sniitli.') 

fi-oni  tlie  base.  Eacli  division  is  tripartite.  There  is  no 
venli'al  lol)e.  ''I'he  1)iirsa  and  its  nniscnlar  rays  enable  tlie 
male  in  sexual  eoutact  to  gras]^  firmly  tlie  liody  of  the 
female  and  properly  ('oa|)t  the  sexual  parts.      (Fig.  4.) 


J^ 


l'"it;-.  •'..  AuUxIdsl'inui  ducM|iual<' 
in  copulalion.  Orawii  by  Dr.  ,1.11. 
<la.ui>  from  sricciincn  prcscntod  by 
Or.    Waller  Brcm. 


Fig-.   I'l,      ("opulatins  lionkw mtiis 
from  dou'. 


Tlie  eggs  are  oval,  with  broadly  rounded  poles;  the  shell 
is  colorless,  nieasiwing  O.D^f;  to  O.Oril  niillinieters  in  length 
and  (l.o;:-;  to  fl.O.'is;  milliiiietei-s  in  width.  (Fig.  11.)  Tn 
li'esh  stools  the  e,u-,-;s  are  usually  in  four  segments,  rarely  in 
fewer  or  nioi'e,  and  with  a  hi-oad  space  between  the  seg- 
ments and  the  shells.      (See  Cliai)ter  VII.) 
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Necator  Americanus. 

Synonyms.— Uncinaria   Americana— Stiles,   11)02;   ankyl- 
ostonium     Americanum — von     Linstow,     1903;     inicinaria' 
(necator)    Americana — Stiles,    1903;    uncinaria   liominis — ■ 
Asliforcl,  King,  and  Gutierrez,  1904. 


Fig-.    7.     Necator    Americanus.     Upper    half    males,    lower    half    females. 
Inch  measure. 

The  name  (necator  =  murderer)  given  by  Stiles  to  the 
species  first  shown  by  him  to  have  generic  characters. 
Stiles  first  named  it  uncinaria  (1902),  having  clearly  de- 
scribed the  differences  between  uncinaria  duodenalis,  but 
believing  the  worm  to  belong  to  the  same  genus.  It  is  in- 
teresting to  note  that  Lutz,  in  1888,  stated  that  the  Brazil- 
ian hookworm  did  not  have  hook-shaped  teeth.  Leuckart's 
description  of  dochmius  duodenalis   (1876)   was  based  on 
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„.-w  world  >\n'ruucu>.  Looss  su-ucsts  the  latter  were  sent 
l,y  Wiiclicivi-  (.1-  I -lit/  tVciii  r.ia/il.  l)ut  the  ori.^iiial  material 
,.,",,,1,1  not  l.e  I'oun.l.  Allen  .1.  Sinitli  also  recognized  the 
.lillV,.,,,,,.,.  hetweeii  tliis  and  the  ..Id  world  species.  Both 
tci-m-  of  the  name  have  heen  ci-it  icised-  "  neeator''  heeause 
the  parasite  is  not  more  miir.h'foiis  than  its  old  world  con- 
vener, ami  '' Americanns''  because  it  has  a  worldwide  ex- 
tent. 'Vhv  ohjections  ai-e  iinalid  from  the  stand])oint  of 
■/(M)|oiii<'  Jiomenelature. 

buccal  cas  it  \-  X'ciil  ral  li'ni  al  li|i 


Of, In-  <>{  iiH-inl>iaiiuiis  iimiitliy 


1  idisal  <-ip|ii(al  t  not  li 


Head  Klaiiii   (  V  t 


h;soi)liai;i'a  I  .ulaiid 


-    I  ;iiri  a  1  jiaiiilhr 


I  inisal  hiM-ra!  lip 


1  iini  iif  cTNiiMl  .ulaiiil  ii|ii'n;nt;  J'^>siiijhagus 

on  i;«'ivical  papilla, 

I-'iK.  ^.      Jxji'sal  aspect  of  head  >-[\i]  of   iiMiiiiaria   AiiH-ricana.      (After  Allen 
.1.  Siiiiih.) 

This  worm  is  aJmost  as  long'  as.  but  more  slender  than, 
ankylo>t(»nia.  The  males  measure  (i  to  10  millimeters  and 
the  rcniales  s  1,,  1.")  millinieters.  (Fig.  7.)  The  month 
cap-ule  is  small  and  ulobniar  and  its  orifice  rather  quad- 
rale.     (  l*'ig.  H». )     There  are  no  teeth  on  the  free  edge,  but 
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two  broad  lips — dorsal  and  ventral — extend  inward  to  or 
beyond  the  edge  of  the  membranous  lii3.  The  base  of  the 
larger  of  the  lips  reaches  from  the  ventromedian  line  to 


Venti-al  lancets  Chitinous  buccal  capsule 


Head  glands  (?) 


Esophageal  gland 


Cervical  papilla 


Cervical  gland 


Papilltp 


Buccal  cavity 
Dorsal  conical  tooth 
Liateral  lancets 


\     Esopliagcal  sland 


Esophagus 


Intestine 


Fig.  9.     Lateral  aspect  of  head  end  of  uncinaria  Americana.      (After  Allen 
J.  Smitli.) 

about  the  middle  of  the  lateral  aspect  of  the  rim;  the 
smaller  one  from  the  dorsomedian  line  about  two-thirds  of 
the  distance  to  the  ventral  lip.  They  cover  two  cutting- 
plates.     (Figs.    8,    9.)     There    are    two    pairs    of    ventral 


(32 
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t.M'tli  111''  lowci-  pair  small  and  conical,  and  a  hhini,  coni- 
(■;il.  dorsal  lootli  ( I^'i.i;'.  >^),  i>roj('cting  into  tlie  capsule. 
'riii'oiiiili  it  passes  tlic  dud  of  the  dorsal  esophageal  gland. 
Xcar  its  hasc.  on  each  side,  is  a  chitinons  plate. 

Anterior  buccal  lip 

Hiiccal  liook    —Y'^tiuiA  ISiwHft— "Posterior  Iniccal  lip 

Riiconl  tool     -i^  /'J^  /5jf^!B8SHIBDorsal  coiiic:il  tootli 


A  B 

Fi^.  10.  .1.  (liu'sal  view  of  head  iiul  of  uncinaria  duoili'iuilis.  B,  dorsal 
\ir\\  of  lii'ad  Olid  of  uncinaria  Atnoiicaiia.  Drawn  to  scale  to  sliow  difference 
in  size.      (Aflt  r  Allen   .1.  Smith.,) 

The  sides  of  the  l)iirsa  are  very  long,  so  that  the  bursa 
seems  as  if  two  lolied.  (Fig.  4.)  The  female  genital  open- 
ing is  in  iVoni  of  the  iniddle  of  the  body.  The  eggs  re- 
seml)le  timse  of  the  old   world  hookworm  closely,  Imt  are 


I'l^.  II.  tariliryolui^y  id'  the  nl,|  wuild  li<Mikvvnrni  ( ankvl.i.stoina  duode- 
nal.) ul  ni:ni;  «.  h.  r.  ,/.  ,,  /,  ,/.  s.-.^nnMita  1  inn  t<\-  du'  ..kk;  //.  i,  j.  the  embrvo;  fc, 
;i^  rii.-ih.hiiinirii  onil.ryo  escapin.t;  from  it.s  oKyslicll;  /,  m,  empty  eggshells. 
i.i.MllNtnlaruod.       (  .\  1 1  er  1 '.-i  roncito  )  j    j       »o 
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slightly  larger  (0.054  to  0.072  millimeters  long  and  0.036 
millimeters  tliick),  and  tapering  toward  the  poles.  (Fig. 
13.) 

The  vital  characteristics  of  necator  Americanus  have  not 
been  so  closely  investigated  as  those  of  ankylostoma,  but 
are  the  same  so  far  as  examined.  Experiments  by  Claude 
A.  Smith  and  Fieri  (though  the  latter  rejected  the  con- 
clusions) prove  the  skin  infection  to  take  place  in  the  same 
way. 

Ankylostoma  and  necator  have  been  found  only  in  human 
beings.  Von  Linstow  (1903)  reported  the  occurrence  of 
necator  in  a  chimpanzee  (simia  troglodytes)  in  West  Africa, 
but  Looss  doubts  the  diagnosis. 

Development  of  Ankylostoma  Duodenale. 

The  females  lay  their  eggs  in  the  intestine  of  the  host, 
and  the  ova  are  expelled  with  the  feces,  and  under  proper 
conditions  develop.  The  rapidity  of  development  depends 
upon  the  temperature,  moisture,  and  available  oxygen,  as 
also  perhaps  on  absence  of  light.  Development  is  most 
rapid  at  25°— 35°  C.  (77°— 95°  F.).  A  few  develop  at 
22°  C.  (71°  F.),  and  Tenholt  found  that  some  developed  in 
mines  at  20°  C.  (68°  F.)  from  eggs  to  larvae  in  fourteen  days. 
Freezing  often  kills  ova,  and  low  temperature  prevents  seg- 
mentation, but  the  possibilities  of  the  development  of  these 
worms  appear  very  strikingly  from  some  experiments  of 
Oliver  (1910).  He  froze  feces  until  hard,  but  after  gentle 
thawing  larvae  appeared  on  the  sixth  day.  Kept  in  a  cold 
cellar  at  15°— 17°  C.  (59°— 62.3°  F.)  for  ten  weeks,  there  was 
no  segmentation,  l)ut  when  raised  to  a  moderate  tempera- 
ture segmentation  wont  on  and  gave  rise  to  stronger  and 
more  vigorous  larva'  iliaii  those  hatched  immediately.  Ex- 
posure to  light  snow  does  not  kill  eggs  or  larvae.     Tempera- 
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lures  of  :)<•  (".  (1--  I''-)  l<i"  l^u'va'.  i)i-<)bal)Iy  from  drying"- 
(Vtuiplcic  (Icsi.-calioii  is  oiic  of  Hm'  most  certain  causes  of 
(leatli.     I)ei)rivati<.ii    of   oxyucii    also   cliecks   development, 


I'iii  11'.  Twii  lnrv:i'  111  Ih.'  n|<|  wdiM  iMMikwciiin  at  {\\i-  end  of  the  second 
slat;.-  (  ■•i-nc-\-sli'd  lar\:i"i.  i'.|ir.'-;(  iil  i  lit;'  the  \miiiil;  wnnns  ii-liacted  from  their 
skill.       I  A  ll<  T    1  'ill  iiiH-ilci.  I 

and,  if  coiilimicd  sixlceii  da\s,  the  e,i;xs  die.  It  is  the  pres- 
ence of  oxyiicii  that  makes  e^'o's  on  tlie  surface  ot  stools 
(h'velop  more  rapidl>  than  those  in  the  de|)tlis,  wliicli  eitlier 
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die  or  develop  only  when  the  mass  becomes  loose.  (See 
Chapter  V.)  Direct  sunlight  kills  the  ova,  ditfuse  day- 
light checks  development,  and  darkness  favors  it. 

The  eggs  resist  adverse  conditions  very  much  at  times. 
Lambinet  and  Boycott  and  Haldane  found  they  could  be 
kept  from  air  nine  to  ten  days  and  then  develop. 


Fig.    13.      Ova  of    (A)    uncinaria  duodenalis  and    (B)    uncinaria  Americana. 
Drawn  to  scale  to  show  comparative  size.      (After  Allen  J.  Smith.) 

Eggs  also  die  usually  in  water  or  in  watery  stools,  but,  on 
the  other  hand,  larvae  can  often  be  cultivated  under  such 
conditions.  Larvae  can  lie  raised  sometimes  either  in  the 
natural  stool  or  one  made  into  a  thick  paste  with  water, 
but,  as  Looss  pointed  out,  acid  fermentation  of  stools  may 
kill  all  the  larva;,  even  before  they  escape  from  the  egg- 
shells. Boycott  and  Haldane,  however,  found  that  larvae 
grew  for  them  in  acid  stools.  I^ooss  also  points  out  that 
the  constituents  of  the  feces  are  important  in  this  con- 
nection. In  his  own  infection  (experimentally  produced) 
he  found  that  pure  vegetable  diet  produced  a  less  favorable 
medium  for  the  ova  than  mixed  diet,  especially  if  stools 
from  the  latter  were  mixed  with  equal  part  of  moderately 
finely  pulverized  animal  charcoal  (made  from  bones,  not 
blood)  and  made  into  a  thick,  tenacious  mass  with  w^ater. 
Diarrheal  stools  mixed  with  animal  charcoal  also  permit  all 
the  ova  to  develop. 

While  complete  desiccation  kills  both  eggs  and  larvnp,  en- 
cysted larvoB  resist  drying  for  a  long  time.  There  is 
much  divergence  in  regard  to  tlie  effect  of  drying  on  ankyl- 
ostoma  larv.T,  but  the  (lilTcrciices  of  opinion  ])i-obnbly  de- 


()()  ll()()K\V()l!?il  DISEASE. 

IxMid  Upon  cn-oi-s  ill  Iccliiiic-  somciliiK^s  perhaps  on  mis- 
\:\k('<  ill  llic  (linuiiosis  of  llic  l;ii-\a'. 

Tlic  l;ir\a',  al'tcr  cscapiii.i;'  tVoiii  the  c.^i^s,  feed  on  the  feces 
and  uTow.  Tliey  incasiire  it.L'  to  il-')  millimeters  long  and 
(>.(»1  to  0.017  mininieters  ihici<.  Tliey  are  at  tirst  rliabditi- 
I'onn — that  is,  tlie  esopliagiis  shows  tliree  jDarts.  It  be- 
comes narrow  heyond  t!ie  mi(hl]e,  and  then  swells  ont  again 
ill  an  onion  sliape.  In  the  interior  of  the  swelling  are  three 
small  \alves.  that  can  sometimes  he  seen  to  open  and  slint. 
(  i''ig.  II.  /■. )  ( 'liaracteristie  of  the  hookwoi'in  larva  is  a 
long,  cylindrical  month  cavity,  witli  a  glohnlai'  dilatation  at 
the  posterior  part,  lined  l)y  a  higlils'  refracting  membrane, 
'^^i'he  tail  end  is  sliar})ly  ])ointed;  in  front  of  it  is  the  anns, 
and  still  fai'ther  in  front  tlie  anlage  of  the  sexual  organs, 
showing  as  a  small  o\'al  body. 

Fotii"  moults  are  passed  through  during  development  of 
the  larva\  making  five  stages  after  iucul)ation,  including 
full  development.  The  first  shedding  of  the  skin,  or 
ecdysis,  takes  i)lace  usually  within  two  to  five  days  after 
incubation,  depending  iijion  the  tem])erature  and  other  con- 
ditions. In  ihis  there  is  no  change  of  shape.  The  new  skin 
is  foriiie(|  under  the  old  one.  After  this  moult,  again  with  a 
lapse  (»!'  time  depending  on  tlu^  tem])erature,  the  larvte  grow 
and  change  their  shape.  ''.I'he  fiody  ))ecomes  longer  (0.7  to 
O.S  millimeters)  and  thinner,  and  the  characteristic  shape  of 
the  mouth  and  esophagus  are  lost.  The  second  ecdysis  is 
pi'cpai-ed  for.  and  reaclie(l  in  H\-e  to  nine  days  usuallv,  but 
the  old  skin  is  not  shed  as  soon  as  llienew  one  is  ready.  On 
the  coiitrar\.  the  old  skin  surrounds  tlie  body  as  a  delicate 
sheath,  in  which  the  lai\a  has  room  to  move  forward  and 
back.  'I'lii-  is  the  (falsely)  so  called  "encysted''  stage. 
<  l''i.u--  1-.)  The  larva"  are  now  called  "I'ipe."  Growth 
:in<l  feeding;  cease.  ati<l  I  he  I'vi'v  stage  of  the  ]:\v\:v  is  ended. 
Tliey  now  eiideaxoi-  to  leave  the  feces  and  to  uel  into  moist 
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earth,  moist  wood,  or  water.  As  Looss  discovered  and  re- 
ported in  1897,  tliey  bore  tlirougli  lilter  paper  on  which 
feces  are  incubating,  and  in  that  way  can  be  easily  obtained 
free  from  fecal  contamination.  They  also  pass  through  a 
sand  lilter,  even  if  the  water  is  not  running.  In  various 
media  they  may  live  a  long  time,  and  show  remarkable  te- 
nacity of  life.  Belger  and  Oliver  found  them  alive  in  water 
sealed  in  vaseline  four  months.  One  of  them  wriggled  into 
the  vaseline  and  lived  nearly  to  the  end  of  the  fifth  month. 
Looss  kept  them  alive  in  water  three  hundred  days,  and 
Oliver  more  than  eleven  months.  Perner  found  them  alive 
in  mine  sludge  ten  months  after  the  mine  had  been  closed. 
In  distilled  water  they  live  only  two  to  nine  days.  During 
this  time  they  live  upon  certain  granular  particles  in  the 
glands  of  the  intestine,  the  latter  becoming  in  time  almost 
transparent,  instead  of  granular  and  opaque  as  before.  In 
water  they  are  not  able  to  move  freely,  but  sink  if  the  water 
is  still.  On  the  other  hand,  if  the  temperature  is  not  too  low, 
they  have  a  strong  tendency  to  migrate,  and  especially  to 
crawl  ujD  on  all  sorts  of  objects  kept  moist  by  water.  Looss 
found  that  if  he  put  a  piece  of  wood  in  the  culture  glass, 
with  one  end  out  of  the  water,  all  the  larvae  in  a  short  time 
would  crawl  up  to  the  top  of  the  stick,  which  was  kept  moist 
by  the  water  below.  Tenholt  reports  an  observation  in 
which  larvae  that  developed  from  ova  in  feces  at  the  lower 
end  of  a  wet  mine  timber  reached  a  height  of  one  meter 
above  the  ground  in  twenty  days,  or  not  more  than  sixteen 
days  after  reaching  the  larval  stage.  The  same  observer 
found  larvae  in  the  cracks  between  the  boards  of  a  bath- 
house. Hermann  and  Galli-^^alerio  observed  penetration 
of  ekler  pith  by  larvae  over  night.  It  is  in  this  stage  that 
the  larvae  are  infectious.  Eggs  or  young  larvae  are  not  cap- 
able of  infection,  even  if  swallowed. 

Leichtenstern  formerlv  believed  that  ankvlostoraa  could 
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(lc\cl(»p  I)}  liclcrouciiy  lliat  is,  llic  larva'  dcxcloped  out- 
ride \\\v  ImkIv  into  males  and  i'emales,  the  offspring  of  wliicli 
ill  turn  were  infections.  Leiclitensterii  later  abaudoned  the 
view,  bill  it  was  j)nt  forward  afso  b\'  (liles  in  Assam,  and 
Uitei-  by  ()//ard,  Aniiett,  and  Koss.  As  has  been  pointed 
out  by  l.ooss  and  otJier  observers,  and  recently  (1909)  by 
Leiper  in  criticisin  of  ( )zzard,  the  idea  depends  upon  con- 
fusion of  ankylostonia  larva^  with  those  of  other  nematodes, 
especially  strongyloides  stercoralis,  sometimes  free  living 
nematodes,  of  ^Yhieh  tliere  are  so  many  species,  and  failnre 
to  sterili/e  tlie  sand  nsed  for  culture  medium. 

As  an  example  of  the  necessity  of  extreme  care  in  such 
work,  Leiper  cites  an  observation  in  which  a  stool  was  kept 
in  a  i^lass  bottle  in  the  laboratorv  for  a  vear.  The  bottle 
had  formerly  contained  an  alcohol  preparation.  Later  the 
bottle  was  found  to  contain  forms  resembling  free  adult 
strongyloides  intestinalis,  ))ut  it  became  certain  later  that 
tliey  were  tlie  larva^  of  free  living  nematodes.  Leiper  also 
])oints  out  that,  while  the  ova  of  hookworms  as  found  in 
liunian  feces  are  diagnostic,  they  can  not  be  distinguished 
from  the  larvie  of  all  other  nematodes. 

As  JjOoss  lias  shown,  the  jiicture  of  (!iles,  purporting  to 
i-epi-esen1  the  development  of  the  male  rhabditis  of  auk}  1- 
ostoma,  shows  three  different  S])ecies,  as  indicated  by  the 
shajie  of  the  tails. 

'^J'he  lar\a'.  like  the  eggs,  ai'e  easily  killed  by  di-ying. 
(iaili A'alerio  and  also  Tieri,  however,  found  that  they  could 
be  dried,  Imt  revixcd  ui»  to  twenty  four  hours  after.  Differ- 
ences in  the  results  of  \arioiis  exi)erimenters  are  to  be  ex- 
]»lained  l»y  the  difficultN  of  perfect  desiccation  within  the 
cajisule.  (lalli  \'alerio  buiiid  that,  while  noncapsulated 
larva'  die  at  40  ('..  encapsulated  ones  could  resist  a  temper- 
ature of  almost  .')()  (".  jl(>  also  found  encajisulated  larva- 
alive  in  a  bolilc  df  I'vcv^  kept  nearly  a  year.  The  feces 
were  still  moist,  and  the  larva'  onlv  on  the  surface. 
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Chemical  disinfectants. — The  larvas  are  resistant  to  chem- 
ical agents.  Schiiffner  kept  them  alive  almost  four  months 
in  water  with  two  or  three  drops  of  1-percent  quinine  solu- 
tion to  10  cubic  centimeters.  Oliver  found  that  sea- water 
killed  them  in  thirty-seven  minutes. 

Stronger  disinfectants  kill  both  eggs  and  larvae,  as  is 
mentioned  more  fully  in  Chapter  IX. 

An  interesting  light  was  thrown  on  the  possible  modes  of 
dissemination  of  the  eggs  and  larva?  of  hookworms  by  Galli- 
Valerio  (3905).  He  placed  eggs  and  larvse  of  ankylostoma 
duodenale  in  a  l)ottle  wdth  flies,  and  on  washing  the  flies 
found  many  eggs  and  encapsulated  larvae  which  had  ad- 
hered to  their  bodies,  but  none  in  the  flies'  intestines. 

Having  been  taken  into  the  body  in  any  of  the  various 
ways  described  in  Chapter  IV,  the  larvae  undergo  two  other 
moults  before  becoming  mature.  The  details  of  these 
stages  are  not  known,  but  certain  facts  are  established. 
Both  in  the  mouth  infection  and  in  some  cases  of  skin  infec- 
tion, as  in  Looss'  experiments  on  young  dogs,  the  larvae 
appear  in  the  intestine  in  ten  days. 

In  skin  infection  in  guinea  pigs,  larvae  reach  the  trachea 
in  fourteen  days.  They  have  not  grown  appreciably,  but 
are  perfectly  agile.  They  evidently  do  not  all  travel  with 
the  same  speed.  Doubtless  many  are  kept  back  for  a  time 
or  permanently  by  the  lymph  glands.  Looss,  however, 
found  eggs  in  the  feces  after  skin  infection  in  thirty  to 
thirty-five  days.  Tenholt's  assistant  found  a  few  eggs  in 
his  stools  forty-seven  days  after  skin  infection,  and  then 
they  rapidly  became  more  numerous.  In  the  accidental  in- 
fection in  himself  Looss  did  not  find  eggs  until  the  seventy- 
first  day,  the  same  period  that  elapsed  in  Fieri 's  case,  but 
in  young  dogs  Looss  found  a  few  adult  worms  at  thirty  to 
thirty-five  days. 


CIIAITER   l\'. 

MODKS  OF  IXFKCTION. 

Two  iikkIcs  of  infection  with  liookwonns  are  known  and 
lia\(>  Ix'en  proved  experimentally — i.  e.,  tlirongli  the  mouth 
dii-ectiy  and  through  the  moutli  indirectly  by  way  of  the 
skin.  For  reasons  that  will  appear  below,  direct  mouth 
infection,  though  it  may  occasionally  occur,  is  of  minor  ira- 
l)ortance  in  the  production  of  hookworm  disease.  Skin  in 
fection,  we  l)elieve,  is  practically  the  only  source  of  the 
disease.  Different  s])ecies  of  hookworms  have  been  found 
]iarasitic  in  various  lower  animals — namely,  dogs,  sheep, 
cattle,  horses,  ])igs,  cats,  foxes,  seals,  badgers,  etc.  These 
are  distiiu^t  from  those  infecting  man,  and  have  not 
l)een  found  in  man.  Two  species  infect  man — ankylostoma 
dnod(Miale  and  uncinaria  Americana — both  of  w^hich  have 
been  found  exi)erimentally  to  l)e  capable  of  entering  the 
skin  of  lower  animals,  but  tliey  have  not  reached  adult 
life  in  the  intestinal  canal  of  any  animal  besides  man, 
except  |)ossibly  the  chimpanzee,  the  gibbon,  and  the  gorilla. 
They  reach  adult  life  or  the  reproductive  stage  only  in  the 
intestinal  canal  of  man,  where  they  lay  eggs,  which  pass 
out  with  the  feces.  ^Phe  eggs  can  not  hatch  in  the  intestinal 
caiud  for  lack  of  oxygen  and  jiossibly  for  other  reasons, 
such  as  the  ]U'esence  of  acids,  gases,  etc.,  produced  by  the 
intestinal  bactei'ia!  floi'a.  Aforeover,  it  has  been  shown  con- 
clusively by  Looss,  working  with  the  old  world  hookworm, 
l)y  Claude  A.  Smith,  woi-king  with  the  American  species, 
and  by  otliers,  tluit  the  young  worms  can  not  infect  until 
they  lunc  I'cached  ;i  cei'tain  stage  (the  encysted  stage)  of 
theii-  life,  which  recpiires  at  least  four  or  five  days  after  they 
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are  hatched  out,  which  itself  requires  eighteen  lionrs  or 
more  after  the  feces  have  been  expelled.  The  a])ove  stated 
facts — that  the  reproductive  stage  of  the  parasite  is  reached 
only  in  the  intestinal  canal,  that  the  species  infecting  man 
do  not  infect  other  animals,  that  the  eggs  do  not  hatch  in 
the  intestinal  canal,  and  that  the  larvae  are  not  infectious 
until  they  are  at  least  four  or  tive  days  old — show  that  the 
feces  of  infected  persons  are  the  real  sources  of  every  hook- 
worm infection,  and,  further,  that  a  man  can  not  directly 
infect  himself. 

The  number  of  eggs  passed  with  each  stool  of  a  heavily 
infected  person  is  enormous.  Leichtenstern  estimated  the 
number  passed  daily  in  one  of  his  cases  of  ankylostomiasis 
to  be  over  4,000,000.  Bass  counted  the  eggs  in  one  deci- 
gram of  feces  from  a  severe  case  of  uncinaria  Americana  in- 
fection, originating  in  Louisiana,  and  calculated  the  num- 
ber in  the  entire  stool  to  be  4,490,000.  We  estimated  that 
the  daily  stool  of  a  patient  with  apparently  only  a  moder- 
ate infection,  and  70  percent  of  hemoglobin,  contained 
1,700,000  eggs.  Remembering  that  the  average  number  of 
worms  in  the  severe  cases  in  this  country  ranges  between 
1,000  and  4,000,  it  is  obvious  that  it  would  not  require  more 
than  one-thousandth  part  of  the  eggs  in  one  such  stool 
to  give  rise  to  a  severe  infection  if  all  developed.  In  the 
light  of  these  figures,  the  wonder  is  that  the  disease  is  not 
far  more  destructive  of  human  life  than  it  is. 


Requirements  for  Hatcliing. 

Hookworm  eggs  do  not  hatch  in  the  intestinal  canal,  as 
has  already  been  stated,  nor  do  they  hatch  in  undiluted 
feces,  except  under  certain  special  conditions.  We  have 
often  kept  feces  containing  hookworm  eggs  in  the  labora- 
tory for  months  at  a  time  in  liquid  condition  without  any 
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lialcliiii.u-  w  li;it('\('r.  hi  Tacl,  we  liaxc  kcpl  tlictii  in  tJiis 
coiiditioii  in  llic  hactciiolo^ic  incuhator  at  hody  tempera- 
lure  foi'  a  inoiith  aii<l  liaxc  iicxer  seen  liat('liiii,i>'  occui'  in  such 
speciiiiciis.  If.  on  the  oilier  liaiid,  pure  feces  are  exposed  to 
drvin.ii'.  many  of  the  eu.us  near  the  partially  dried  out  snr- 
i'aee  of  the  t'ecal  mass  will  halcli  oul,  hut  the  eggs  deeper  in 
i'e?uain  undeveloped.  Clan(h'  A.  Smith  noted  that  if  feces 
conlaining  uneinaria  eggs  were  exposed  to  tlies  that  infect 
them  with  their  Jai'we.  the  constant  mixmg  and  aeration 
(oxygenation)  by  tlie  lai'va'  crawling  through  the  mass  per- 
mits rapid  and  com[)lete  luitching.  We  liave  had  occasion 
to  (•(uilirni  tliis  observation  in  several  instances.  Thougli 
hatching  in  undiluted  feces  may  occur  nnder  tlie  favora])le 
circumstances  meiitioned,  tlie  lar\n'  die  out  before  they  are 
twenty  four  to  foi'ty-eiglit  hours  old  and  before  they  are  in- 
fectious, except  that  a  few  may  sometimes  live  longer  in  the 
pai-tially  dried  out  feces.  Dilution  of  the  feces  with  one  or 
moi-e  times  their  l)ulk  of  almost  any  inert  porons  substance 
— like  charcoal,  sand,  dirt,  etc. — pnts  them  in  the  most  fav- 
oi'able  condition.  ''I'he  best  resnlts  we  have  ever  seen  were 
obtained  with  e(|ual  quantities  of  charcoal  and  feces. 
Looss  found  animal  charcoal  the  most  satisfactory  diluent. 
\\  e  have  seen  neai-ly  as  good  resnlts  from  nsing  sand.  AYe 
made  tlie  following  ex]xn-iments  for  the  present  work: 

Feces  containing  many  nncinaria  eggs  were  mixed  with 
each  of  the  following  materials  abont  in  the  proportion  of 
one  i)art  feces  to  two  of  dilnting  material:  powdered  char- 
coal (pine),  white  sand,  sand  pins  abont  5  percent  slacked 
lime,  sandy  soil,  black  clay  soil,  and  ])ii)e  clay,  all  sterilized 
befoi'e  juixing.  All  wei-e  thoi'oughly  mixed  and  contained 
about  the  same  amount  of  moist ure.  ;\n  accident  occurred 
to  the  specimen  wliich  the  limed  sand  entered  into  and  it 
was  lost.  ^1  he  remaining  live  specimens  wei'e  placed  in 
^•lass  dishes  without   covers  and  ])\\t  in  a  bacteriologic  in- 
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cubator  (at  37°  C),  in  which  several  sponges  saturated  witli 
water  were  ])laced  to  keep  up  moisture  and  prevent  undue 
drying'  out  of  tlie  specimens.  After  fifty-four  hours  in  the 
incubator  the  cultures  were  careful Iv  examined  and  the 
following  results  noted: 

Feces  plus  charcoal:  many  larvae,  a  few  empty  shells,  and 
no  eggs  found. 

Feces  plus  sand:  many  larvae,  a  few  shells,  and  two  seg- 
menting eggs' found. 

Feces  plus  sandy  soil:  many  larvae,  a  few  segmenting 
eggs,  and  three  containing  emliryos  were  found. 

Feces  plus  black  clay  soil:  in  slides  made  from  near  the 
surface  a  very  few  larvae  were  found  and  many  more  eggs, 
many  of  which  contained  dead  embryos.  Deep  in  the  mix- 
ture no  progress  toward  hatching  appeared  to  have  been 
made. 

Feces  plus  pipe  clay:  no  larvae  could  be  found,  Init  near 
the  surface  of  the  mixture  a  few  dead  embryos  could  be  seen 
in  the  egg  shells. 

The  charcoal,  sand,  and  sandy  soil  specimens  remained 
porous  and  friable,  bnt  the  clay  soil  and  pipe  clay  speci- 
mens ran  together  and  were  sticky.  In  spite  of  the  pre- 
caution to  prevent  it,  all  of  them  dried  out  considerably,  and 
the  clay  specimens  were  coated  with  a  thin  hard  crust.  The 
experiment  shows  that  best  hatching  follows  dilution  of 
feces  with  material  producing  a  porous  mixture,  whereas 
the  sticky  nonporous  mixture  prevents  hatching,  chiefly,  no 
doubt,  by  depriving  the  eggs  of  oxygen.  Where  the  soil  is 
sandy  and  porous,  rains  dilute  and  mix  feces  with  the  soil 
and  put  the  eggs  in  the  most  favorable  condition  in  this 
regard  for  hatching.  There  would  be  far  less  mixing  of 
feces  with  a  sticky  clay  soil,  and,  if  so  mixed,  hatching  is 
prevented.  This  may  explain  the  much  greater  prevalence 
of  the  disease  is  sandy  regions. 


I  4  IIOOKWOIIM    DISEASE. 

Moist  uic  is  \t'i-y  necessary  lor  lialdiiiii''  of  liookwoi'iiis, 
hut  no  ui-cat  amount  Is  r(M|nir('(l.  It  is  inoi'e  essential  I'oi" 
Ihc  niaintcnance  of  the  lil'e  oT  the  lar\:e.  They  live  well  in 
watei-  or  moist  earth,  hut  dryin.ii-  soon  kills  them.  Bentley 
found  that  .uentle  dryin.u'  I'or  six  honrs  kills  tlioin.  Rains 
ai-e  important  in  scattering  tlie  feces  and  mixing  them  with 
the  soil,  and  also  in  keeping  np  the  essential  moistnre. 
'I'liey  are  also  important  factors  in  prodncing  skin  infection 
hy  liiiuelying  and  lielping  to  apply  the  infectious  cultures 
to  tlie  skin,  as  we  shall  see  later. 

Shade  is  an  imjwrtant  factor,  lioth  in  the  hatching  of 
hookworm  eggs  and  keeping  the  larvae  alive,  by  maintain- 
ing the  essential  moisture  and  ])reventing  fatal  drying. 
We  exposed  a  culture  of  six  day  old  uucinaria  larv;e  to  the 
direct  Api'il  sunshine  for  two  days,  adding  water  as  needed 
to  prev(Mit  drying,  and  they  were  still  alive  and  active  at 
the  end  of  the  experiment. 

Tf  feces  containing  eggs  are  diluted  with  dirt,  sand, 
or  other  material,  and  favorable  conditions  of  moisture, 
warmth  (tcmpei'ature  between  22°  and  35°  0.  =  71.6°  and 
0;)'  v.).  and  shade  exist,  the  mici'oscopic  larva^  begin  to 
hatch  out  and  ci'awl  about  in  the  diluted  feces  in  twenty- 
four  houi-s.  In  two  or  three  days  they  shed  their  skins. 
This  is  the  lirst  ecdysis.  xVfter  about  five  days  from  the 
time  they  wei-e  halclied  out  the  organism  begins  a  second 
stage  of  (le\-elopmeut  oi'  ecdysis,  but  this  time  it  remains  in- 
side ot  the  skin  it  has  r',\s\  or  i-eti-acted  from,  and  is  spoken 
(•f  as  encxsted.  In  this  condition  it  is  capable  of  infecting, 
hut  was  not  hefore.  J^)efoi'e  the  larva^  become  encysted  they 
are  easily  killed  by  sunlight,  <'hanges  of  teni]-)erature,  too 
umch  dilution  of  the  feces  with  watei-  (1  to  1,000  or  above), 
dr.Nini:.  ;ind  often  the  chemical  constituents  of  feces.  It 
I'esults,  therefoi-e.  that  actually  vei-y  few  larvjB  that  hatch 
"lit  rea<'h  the  (uicysted  or  infectious  sta^e.     Onlv  in  rainv 
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seasons,  or  wet  spells  lasting  six  or  more  days,  would  snf- 
ticient  moisture  be  continually  supplied,  except  in  some 
specially  favorable  spots,  to  bring  them  to  this  stage.  Too 
much  rain  often  results  in  sufficient  dilution  to  kill  them. 
Only  in  favorable  places  or  favorable  seasons  do  they  es- 
cape the  destructive  sun's  rays  and  drying.  Only  in  warm 
seasons  do  they  hatch  out.  From  these  facts  result  the 
very  much  greater  prevalence  and  intensity  of  the  infection 
in  tropical  countries. 

In  the  encysted  condition  the  microscopic  larvai  may  live 
many  months  under  favorable  conditions  of  moisture,  shade, 
and  temperature.  They  resist  wonderfully  well  unfavor- 
able conditions  and  such  agents  as  chemicals,  but  are  killed 
by  strong  solutions  of  salt,  as  pointed  out  in  Chapter  III. 
They  live  well  in  shallow  water  or  moist  earth,  in  which 
they  come  near  the  surface  or  go  deeper  with  the  rise 
and  fall  of  moisture. 

Drinking  Water. 

Drinking  water  may  become  a  source  of  infection,  but 
the  probabilities  of  getting  any  considerable  number  of 
larvre  in  this  way  seem  pretty  remote  on  account  of  the 
amount  of  contamination  that  would  be'  required  (less  than 
one  part  feces  to  one  thousand)  to  maintain  the  life  of  the 
larvae  until  they  reach  the  encysted  stage,  and  especially  in 
view  of  the  fact  that  the  larvae  soon  sink  in  water.  Water 
containing  larvae  would  have  to  be  stirred  up  just  before  it 
is  drunk  to  become  a  source  of  infection.  Referring  to  this, 
Stiles  remarks  that,  "granted  that  they  do  sink  in  water,  a 
water  bucket  in  a  well  also  sinks,  and  the  water  from  sur- 
face wells  frequently  contains  sand  particles  that  are 
heavier  and  larger  than  uncinaria  larvae;  hence  we  can  not 
altogether  ignore  drinking  water  as  a  source  of  infection." 
Leichtenstern  showed  that  infection  by  mouth  can  occur  by 
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;i(liiiini>l('riii.u-  |)('r  OS  capsules  coiilaliiiii.n'  the  larv;p.  In 
alMiiit  six  weeks  oxa  of  llie  pai-asites  ai)))oare(;l  in  llie  feces 
ol'  the  palieiil.  Tliese  experinieiiis  with  aiikylostoma  have 
heeii  i-epeate(l  and  eontiniied  with  iiiieiiiaria  Americana  by 
Claiide  A.  Smith  and  others  in  this  eoimtiy. 

Food. 

Food  tlial  lias  l>een  eoiitaminated  with  infected  mnd  or 
water,  oi'  that  has  heeii  handled  with  dirty,  infected  hands, 
nia>'  hecouie  a  soMi-ee  of  iid'ection.  Smith  noted  the  habit 
the  encysted  hirwe  have  of  crawling  up  along  the  sides  and 
covei'  ol'  a  culture  dish,  which  suggests  another  way  in 
which  ceitain  food  may  become  infected.  LarvjE  may 
crawl  up  on  the  lea\-es,  stalk,  or  fruit  of  such  vegetables  as 
h^tuce,  celery,  st I'awberries,  water  cress,  etc.,  that  are  eaten 
law,  and  1he>-  may  be  swallowed  when  these  are  eaten.  No 
oi'dinar\-  washing  could  be  expected  to  remove  all  of  the 
lai'\-a'.  The  fre(|ucnt  jn-actice  of  defecating  in  the  barn- 
yard, wliere  (he  feces  would  be  mixed  with  the  barn^^ard 
mamii'e  and  IVequently  used  to  fertilize  the  vegetable  and 
other  ci-o])s.  may  ])()ssibly  be  a  source  of  infection.  In  the 
country  the  vegetable  garden  is  nsually  located  behind  and 
near  the  house,  and  is  one  of  the  conmion  places  for  the 
location  of  the  pi'ivy,  if  one  is  ])rovided.  It  serves  also  a 
IVeipient  jilace  I'oi-  defecation  of  the  women  and  children 
when  no  pi'i\\-  is  used.  This  may  not  rarely  be  a  sonrce  of 
the  larwe  getting  on  \-egetal)les,  and  thus  infecting  those 
who  I'at  them  raw. 

Infection  Through  the  Skin. 

Lo()-<,  in  1'-!!).^.  while  exiterinieiding  with  cultures  of 
aiikylostoma  lar\;e,  I'ouiid  that  ,i;('ttiug  the  culture  o]i  his 
liaiids  produced  a  deiniat itis.     Later  on,  linding  ova  in  his 
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feces,  lie  concluded  that  lie  had  been  mfected  through  the 
skin.  In  1803  he  proved  the  correctness  of  his  theory  by 
experiments.     Grassi,  Fieri,  and  Noe  dropped  water  con- 


Fig-.  14.  Experimental  hookworm  infection.  Tlie  soil  containing  ;"the 
larvae  as  it  appeared  on  the  wrist,  the  tendons  and  veins  of  the  hand  showing 
distinctly.      (Photograph   furnished  by  Dr.   Claude  A.   Smith.) 

taining  aukylostoma  larvse  on  their  own  arms.  In  the 
feces  of  only  one  of  them  were  ova  found  at  the  end  of  ten 
weeks.     They,  therefore,  concluded  that  Looss'  theory  of 
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Fig.  15.  Experimental  hookworm  infection.  Shows  swelling  of  wrist  and 
tendons  of  hand,  and  vesicle  formation.  Second  day.  (Photograph  furnislied 
by  Dr.  Claude  A.  Smith.) 


skin  infection,  deduced  from  his  exj^eriments,  was  not  con- 
firmed, and  that  their  case  and  Looss'  were  instances  of 
accidental  mouth  infection. 


to 
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Looss  tlioii  repeated  liis  experiifieuts,  and  established  be- 
yond all  doubl  tliai  llie  lai'va'  enter  ili<"  skin  and  finally 
reaeli  the  intestine,  where  lliey  develop  to  adult  life.  He 
phu'ed  some  drojis  of  heavily  infected  water  on  the  arm  of 
a  man  wliose  feces  showed  that  he  was  not  infected  up  to 
that  time.  The  characteristic  dermatitis  soon  developed. 
'rii(>  next  (lav  the  arm  was  swollen,  in  a  week  the  swelling 
subsided,  and  in  seventy-one  days  ova  were  found  in  the 
))atient's  feces.     He  also   shaved   the  back   of  a  dog  and 


J'"iK-  n;.  Exi)iTiinc-nlal  Imk ik Wdini  iiit'i-et icm.  SIidws  tlii'  Uirgo  crust  form- 
ills'  f)\'<T  the  ai'i'a  :iii(l  the  furtluT  dei-it^ast-  of  tlii'  .swi'lling.  ( Pliotograph 
furnislicii  Ity   I  >r.  Claiulc  A.   Smith.) 

placed  on  it  some  mud  heavily  infected  with  uncinaria 
caninum.  The  animal  was  pvo})erly  bandaged  to  prevent 
month  infection,  and  after  two  hours  the  mud  was  removed 
and  the  area  thoi-onghly  sci'ubbed  with  absolute  alcohol. 
The  nmd  containe(l  only  one-sixtli  as  many  larva^  as  it  did 
when  applied  to  the  dog's  skin.  The  dog  died  in  ten  da\s, 
and  at  antojisy  an  enormons  nnmber  of  larvas  were  found 
on  and  in  the  walls  of  the  small  intestine.  He  infected  two 
other  pu).pies.  one  by  reeding  infected  milk  and  the  other 
by  api)lying  the  inl'ectioiis  material  to  the  skin.     Thev  both 
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died  ill  a  few  days,  and  tlieir  small  intestines  contained 
enormous  inimbers  of  young  larva),  lliese  experiments 
were  coiifirnied  by  Sehaiidinn,  Lambinet,  Herniann,  Cal- 
mette,  Tenliolt,  and  IScliiill'iier. 

In  1902  Beutley  fonnd  in  a  '* water  sore,"  called  in  this 
country  'Aground  itch,"  "dew  jDoison,"  or  "toe  itch,"  a 
young  worm  which  he  thought  to  be  ankylostoma  duo- 
denale.  He  then  made  the  following  experiment:  A  cul- 
ture of  sterilized  soil  plus  feces  containing  ova  was  made, 
and  another  one  containing  no  ova;  both  were  properly  in- 


Fig-.  17.  Experimental  hookworm  infection.  Shows  confluent  vesicle 
formation,  with  slight  decrease  of  swelling.  (Photograph  furnished  by  Dr. 
Claude  A.  Smith.) 


cubated  at  ordinary  room  temperature.  A  part  of  each  was 
gently  dried  for  eight  hours.  Six  hours'  drying  had  previ- 
ously been  found  sufficient  to  kill  the  larvae.  After  remois- 
tening  the  specimens  that  had  been  dried,  samples  of  the 
four  specimens  were  applied  to  the  wrists  of  the  subjects  of 
experiment  for  eight  hours,  and  then  they  were  removed. 
Within  fifteen  hours  after  the  application,  erythema  and  a 
papular  eruption  appeared  over  the  spot  where  the  living 
larvae  had  been  applied.  AVithin  twenty-four  hours  an  itch- 
ing, vesicular  eruption  had  developed,  followed  ])y  pustules 
exactly  resembling  those  found  in  the  lesions  of  ground  itch. 


8(1 


HOOK woini  |)Isi:ask, 


III  Jill  lilt'  other  cnscs  no  siidi  lesions  appeared.  A  re- 
exainiiiation  of  tiit'  niiid  showed  that  the  live  worms  had 
disappeared,  hut  that  the  dead  oik's  were  still  present.  'Idie 
li\-e  worms  had,  thererore.  appaiciitly  entered  the  skin,  and 
theii'  eidiy  had  heeii  folhtwed  Ity  lesions  and  symptoms  sim- 
ihir  to  those  ol'  watef  sore  or  gronnd  itch. 

"jliese  experiments  witli  aiikylostoma  have  l)een  paral- 
h^led  hy  the  hrilliant  work  of  Clande  A.  Smith,  and  the  re- 
sults found  to  liold  i^ood  for  uueinaria  AmericaDa.  He 
jilaeed  mud  containing'  encysted  hirva'  on  tlie  arm  of  a  man 
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F\^.  IS.  ICxiieriiiicnlal  ImokwDi'm  inlcrt  iiiii.  Shows  1,34S  iiiiciiiari;«  _re- 
ino\-fd  fi-om  llic  iiili-st  iiii's  twcUc  weeks  after  llie  eruption  on  the  wrist. 
( I'hotogl'apli    furnished   h\    1  ir.   ("laiiile   A.   Smitli.) 


not  jii-eviously  iid'ected  and  allowed  it  to  remain  one  liour. 
In  eiiilit  miinites  itchint;'  was  eoni])lained  of,  and  on  remov- 
iui;-  the  soil  a  macular  eru|)tio]i  was  i)resent.  Tlie  next  day 
the  wi'ist  was  swollen.  ( )ii  the  I'ol lowing'  <hiy  a  vesicular 
eruption  was  ))resent.  and  tiiucli  itching  was  complained  of. 
<  hi  the  tiftli  day  the  scsicles  had  become  continent,  the 
swellino-  increased,  and  the  axillary  glands  enlarged  and 
teiidei'.  The  twelfth  da\-  net  sign  of  the  dermatitis  re- 
iiiiiiiH'd.  On  the  eiuiith  da>-  an  attack  of  sore  throat,  with 
lexer,  dexeloped.      During  the  next   tlii'ee  weeks  an  mieasy 
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feeling  about  the  stomach  was  complained  of.  Ova  ap- 
peared in  the  stools  at  the  middle  of  the  seventh  week.  A 
small  particle  of  mud  was  applied  without  the  patient's 
knowledge  to  the  preimce  of  a  man  about  to  be  circumcised. 
In  four  minutes  he  remarked  that  he  felt  as  though  a  fly 
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Fig-.    19.      Section    of    skin    as    seen    under    the    microscope,    sluiwiiig-    the 
liookworm   larvse  crawling  tlirougli   the  skin.      (After  Stiles.) 


was  crawling  over  tlic  part,  and  in  a  minute  longer  said  he 
felt  as  though  his  prepuce  was  being  pricked  with  needles. 
In  four  minutes  the  larva'  had  left  the  mud,  as  shown  bv 
subsequent  examination,  Ijut  under  a  low  power  lens  the 
skin  was  seen  covered  with  them. 


S-2 


IIOOKWOILM    DISKASE, 


Smith  was  also  alilc  to  produce  lesions  reseiiiMiii.ii-  i^'round 
itch  h\  a|»pl\  iii.u'  an  ah-oholic  extract  oi'  uiiciiiaria  Uirva', 
Ihoii.uh  a(|ueoiis  and  ethei'eal  extracts  gave  negative  results. 

Sections  of  tlie  skin,  reinox'ed  and  hardened  even  in  a  few 
minntes  after  iid'ections  h-iiva'  have  l)een  applied,  sliow 
nnniei'ous  h-ir\:i'  in  the  hair  I'oHich's.  sweat  dncts,  and  al- 
i-eady  actnall\  in  the  tissnes.  In  sections  ])rei tared  after  a 
hmger  time  has  ehapsed  many   h-n-\'a'  can  )»e  found  deej)  in 
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Fin.    I'll.       I.;ii-\;i-    ill    ;ixiU:ir\-    ,L;l:iii(i.       lAfU'i'    Slilf'S.) 

tile  skill  and  siihciitaiieons  tissue,  some  of  wliicli  may  now 
he  found  in  cai>illar\  hlood  \cssels.  Tliey  jwssess  wonder- 
ful ahility  to  plow  thi-oiigli  any  kind  of  tissue  in  the  en- 
c>s1ed  stage,  hut  will  not  attempt  to  ])enetrate  tlie  skin  be- 
fore tliis  stage  is  reaclie(l.  ( )nce  in  tlie  l»lood  stream,  they 
are  carricMl  to  the  I'ight  heart.  Sections  have  heen  made  in 
which  tlie  lai'\a'  were  round  in  hlood  in  tlie  heart  cavity. 
(  l-'iu'.  L'l.)  from  the  heart  they  are  carried  liy  tlie  l)luod 
sti-eam  to  the  lungs.  I  jere  they  are  caught  in  the  (*a]>illaries, 
hecaii>e  tlie_\  are  ^o  much  largei'  than  the  smallest  capil- 
laries of  tile  lungs  and  can  not  pass  through.     Meeting  with 


:\rODES  OF  IXFF.CTIOX.  83 

obstruction,  they  again  exercise  their  ability  to  penetrate 
tissue  and  soon  get  into  the  bronchial  tubes. 

Ashford  and  King  infected  the  skin  of  a  young  guinea  pig 
with  a  very  heavily  infected  culture,  and  in  three  hours  the 
animal  died.  Autopsy  showed  one  lung  solidified  with 
blood  and  the  other  one  contained  many  larger  or  smaller 


■V 


.y 


■  w 


«: 


L 


I   h  y^iLcen 


200  yU^ 

Fig-.  21.      A  liookworm  larva  in  tho  lilood  in  the  heart.      (After  Stiles.) 

hemorrhagic  spots.     Sections  showed  numerous  uncinaria 
larvae  in  these  accumulations  of  blood. 

After  the  larvae  reach  the  l)ronchi  they  are  carried  to  the 
mouth,  either  as  a  result  of  the  normal  constant  outward 
current  of  the  bronchial  and  tracheal  mucous  membrane 
or  by  coughing.  No  doubt  many  of  them  are  now  spit  out, 
but  some  are  swallowed.  More  or  less  larvae  would  be 
swallowed,  according  to  whether  the  individual  spits  out 
what  he  coughs  up.  Habits  vary  much  in  this  regard,  as 
is  well  known.  No  doubt  this  is  an  important  factor  in 
determining  the  extent  of  infection  in  different  individuals 
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ii()()K\\()|;m  I)Isi:asi:. 


('(jually  exposed,  and.  in  view  of  lliis  idea.  It  soenis  wise  to 
ad\is("  patients  anIio  have  liToiuid  itcli  not  to  swallow  tlieir 
split  mil. 
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Fitr.   L'l'.      Twii   linokwiii'in    l:i;'v:r    in    the    liiiiss.      The    niic   nn    the    Ifft    is   cn- 
li'i'ini;'  tile  liruiulins.      (Al'trr   ^'tili'S,  i 

l.arvir  tliat  arc  swallowed  i)ass  t  lii'oii,i;]i  the  stoinacli,  re- 
sisting' tlie  ,i;asti'ic  jnice  just  as  tliey  resist  otliei"  chemicals, 
siilpliiii-ic  acid,  hicliloride  of  niercnry,  etc.,  and  wlien  they 
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Larv;e   wnndtn'iiiK  u|)   ihc   iraclie:i.      (After  Stiles.) 
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reach  the  small  intestine,  the  natural  home  of  the  parasite, 
they  undergo  further  development. 

Four  or  five  days  after  the  larvae  reach  the  small  intestine 
another  ecdysis  begins,  in  which  they  acquire  a  buccal  cap- 
sule. With  this  capsule  the  worm  fastens  on  to  the  mucous 
membrane  by  sucking  in  a  plug  of  epithelium,  which  fur- 
nishes his  nourislmient.  In  another  four  or  five  days  the 
last  ecdysis  begins  and  the  last  skin  is  shed.  The  worms, 
about  one-fifth  of  an  inch  long,  now  grow  i-npidly,  and  in 


M;.mf- 


LN  Vviniid 


Fig-.  24.      Two   larvEP  in   tlie  larynx.      (After  Stiles.) 

six  to  eight  weeks  from  the  original  infection  they  begin 
to  lay  eggs,  which  are  discharged  with  the  feces  of  the 
patient. 

That  infection  through  the  skin  is  possible  from  short 
contact  with  infected  mud  and  water  is  proved.  Every  step 
and  stage  of  this  process  has  been  demonstrated  by  several 
independent  workers.  Accepting  this  fact,  it  is  only  neces- 
sary to  consider  how  much,  in  the  lives  of  people  who  have 
hookworm  disease,  their  skins  are  exposed  to  dirt  and 
water  containing  appreciable  amounts  of  material-contain- 


8()  H()()K\\(»i;.M  i»isi:ask. 

inu'  feces  to  reali/e  the  iiiiicli  i^reater  opiiortiiiiity  for  skin 
than  mouth  iiii'eclioii. 

Disposition  of  Feces. 

How  feces  are  disposed  of  and  disseminated  in  localities 
in  v/hich  hookworm  disease  is  prevalent. — llo(»kwonii  dis- 
ease is  i)re-einiiieiitly  a  rural  disease,  heiiiy  limited  in  hiri^e 
cities  to  imported  eases,  tliose  infected  away  from  home, 
and  a  few  cases  infeeted  in  tlie  snhurlis.  The  disease  is 
prevaU'iit  amonii'  inliahitants  of  small  towns  and  tliose  liv- 
iiiu'  on  the  outskii'ts  of  tlie  town,  especially  in  the  ])oorer 
classes  of  people,  whei'e  the  same  conditions  conchicive  to 
infection  exist  as  in  the  conntry,  hut  to  a  less  dei>,'ree.  '^Phe 
cliief  sources  of  infection  for  city  people  are  visits  to  conn- 
try  towns,  farms,  and  rural  health  resorts.  Chihh'en,  es- 
])ecially,  often  i-o  to  the  conntry  for  their  health,  and  retni'ii 
infected  with  1)lood-suckin,i>"  parasites,  which  may  continne 
to  rednce  their  vitality  and  health  for  from  seven  to  twelve 
years.  (Ht\-  children,  however,  are  less  likely  to  hecome 
infected  tlian  the  conntry  children  in  the  same  place,  he- 
vanse  they  are  not  so  likely  to  q;o  harefoot. 

Tn  the  country  there  are  few  ]irivies.  With  tlie  hetter 
class  of  farm  and  other  country  families  and  in  towns 
privies  are  more  .t>"enerally  used.  The  objects  in  the  con- 
sti'uction  of  the  privy,  however,  in  general,  in  town  and 
count rv  are  onlv  shelter  and  convenience,  aiid  the  sanitary 
disposal  of  the  feces  receives  no  consideration.  We  Imve 
iiKh'cd  seen  very  few  ]»rivies  in  conntry  or  town  that  were 
not  open  at  the  hack,  leaving-  the  feces  just  as  accessible  to 
lio^s,  cliickens,  etc.,  as  if  no  ]n-ivy  had  l)een  used.  The  ani- 
mals root  and  scratch  the  feces,  and  thus  scatter  them  about 
oxer  the  ,i;roun(l.  \ot  only  this,  but  tliey  often  eat  feces, 
which  ]»ass  throuuh  their  dii;-estive  ti'act,  a  part  beinsi,' 
diii'ested,  ])ut  the  iiiidi.ii'este(l  material  is  |)assed  many  hours 
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later,  often  a  distance  from  the  privy.  If  the  feces  eaten 
by  such  animals  contain  hookworm  ova,  they  pass  through 
undigested  and  are  thus  widely  distributed.  We  are  not  in- 
formed of  any  experiments  to  show  whether  ova  will  resist 
the  digestive  process  of  other  animals,  but  we  have  recently 


Fig.   25.      A   priv.v  from    whicli   soil    pollution    is   luring  spread   l)j-  chickens 
and  swine.      (After  Stiles.) 

made  the  following  experiment  with  the  chicken:  A 
chicken's  feces  were  examined  and  found  not  to  contain 
hookworm  eggs.  A  quantity  of  feces  containing  many  un- 
cinaria  Americana  eggs  were  fed  to  the  fowl  through  a  tube. 
In  thirty-six  hours  the  chicken's  feces  were  found  to  con- 
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Iniii  iiinii}  iinciiini'iii  ('.u.i;'s,  wliicli  nppc-ii-iMl  iiiiclmii.iicd. 
Some  of  tliis  iimtci-inl.  iiiixc*!  with  clinrcoal  nii'l  sand,  was 
iii('ii1)at('(l.  and  in  twenty  lour  Iioni's  larviv  l»oi;an  to  hatch 
ont.  ^J'liis  proves  that  the  chicken  may  scatter  iid'ected 
feces,     diicla^ns  will  eat  fi'esh  human  feces  wlien  tliev  have 
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Fig-.   '2ij.      A  prix'v   ill   lliij  cfiitiT  of  a    town   of  about   L'.immi   iHipiilal  ion. 


a  chance,  and,  besides  this,  tliey  scatter  them  al)out  on  their 
feet   after  scratchini;'  in  them. 

W'lien  tlie  h)cation  of  a  privy  is  unih'r  cdusideration,  if 
sucli  a  j)hice  is  ax'aihdih.',  a  liill  side  or  slojting  }>iece  of 
ground  is  usually  selecte(l.  It  I'esults  that  heavy  rains 
wasli  tlie  feces  from  uiKJei"  the  prix'y,  cari'vinii,"  them,  and 
others  scattei'cd  hy  domestic  animals,  into  nnidlioles, 
ditches,  etc.  Later  the  harefoot  ))o\'  comes  aloui;-  an<l 
\\a(h's  or  plays  in   the  water  or  ditch.     '^^I'lie  I'esult  will   he 
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infection  if  the  feces  deposited  contain  ova.  Only  those 
who  have  had  proper  opportunity  to  observe  the  facts, 
chiefly  by  residence  on  the  farm  and  in  the  country,  will  be 
able  to  realize  fully  the  possibilities  along  this  line. 

Where  do  the  60  to  80  percent  of  rural  population  who 
have  no  privies  deposit  their  feces,  and  what  becomes  of 
them?     This  varies  very  nnicli  with  the  people,  the  loca- 


Fig.   27.      The  kind  of  pri\-y  in  general   use  in  small   towns. 


tion,  their  occupation,  and  local  and  family  habits.  Our 
own  observations  of  these  things  were  made  during  many 
years  of  residence  in  the  country,  where  the  class  of  jDeople 
and  habits  and  conditions  are  such  as  to  induce  infection  of 
a  large  percentage  of  tlie  population.  Tlie  adults,  and 
often  the  children,  of  these  families  usually  go  to  the  barn- 
yard or  to  the  garden  behind  the  house,  or  to  "tlie  bushes," 
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or  to  "the  thicket"  it'  one  is  near  l»y,  oi-  licliiiid  anythiiii;' 
lilvo  stumps,  trees,  liills.  oi-  outhouses,  tliat  will  hide  tlieiu 
from  the  house.  Of"t(Mi  nohodx-  <'lse  lives  in  sight,  so  it  is 
only  necessary  to  hide  IVoni  meinhers  of  their  o\Yn  family, 
regarding  wliieh  they  ai'e  usually  not  particular. 

Tlie  children  ai-ound  a  place  not  |)rovided  witli  a  privy 
frequently  do  not  get  as  far  away  from  the  house  as  the 
adults,  especially  the  men.  It  is  often  [)ossil)le  to  (h'ter- 
niine  the  number  of  children  in  a  family  ]>y  the  numher  of 
piles  of  feces  in  the  Ijack  yard.  In  the  latter  part  of  the  day 
they  are  found  pai-tiall\-  or  com[)letely  eaten  u])  hy  chickens, 
ducks,  and  dogs,  by  which  it  is  possible  that  eggs,  if  [)resent, 
are  again  more  widely  distributed  over  the  premises. 

IMany  of  tlie  men  in  the  country  deposit  their  feces  in 
almost  any  convenient  hiding  place  near  their  work.  The 
farm  laborer  drops  his  work  whenever  tlie  desire  seizes  him, 
and  goes  to  "the  bushes,"  or  the  "fence  jam,"  or  "the 
gully"  to  relieve  himself.  The  coal  burner,  belonging  to 
the  worst  infected  class  of  people  in  the  timber  sections  of 
many  of  the  sonthern  states,  defecates  Ijehind  stumps  near 
his  coal  kiln,  around  which  he  lies  and  attends  for  thii'ty  or 
forty  days,  often  barefoot.  His  children  play  around  his 
working  place  much  of  the  time,  and  assist  him  to  pollute 
the  soil  and  share  the  results  with  liim.  Around  saw  mills, 
public  works,  etc.,  the  laborer  usually  repairs  to  some  com- 
monly used  tliicket  or  liiding  place  to  deposit  his  feces  on 
the  ground.  In  small  towns,  where  many  country  peo])le 
come  to  market,  etc.,  there  is  often  some  nearby  thicket,  or 
gnlly,  or  barnyard  to  which  the  country  people  go  when 
they  get  "iii  a  tight,"  in  preference  to  privies,  to  wliicli  they 
are  unaccustomed,  even  if  tliey  are  available.  The  country 
people  are  moi-e  oi'  less  infected,  and  they  thus  convert  these 
I'esoils  into  xcritable  hotl)eds  of  hookworm  larva\  During 
a    rainy   spell    the   l)ai-('l'oot    bo\'   who  runs   around    in   this 
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locality  is  sure  to  cry  with  ground  itch  the  next  few  nights. 
"We  rememher  such  a  "gully"  near  a  country  town,  and, 
with  our  present  information  of  the  disease  and  knowledge 
of  the  prevalence  of  it  among  the  country  people  of  that 
section,  we  now  see  ample  explanation  for  the  ground  itch 
and  anemia  among  many  of  the  town  boys  who  often  went 
barefoot  in  warm  weather.  The  most  favored  parts  of  the 
"gully"  were  so  much  used  for  this  purpose  that  there 
often  seemed  to  be  no  more  room. 

Many  of  the  country  schools  are  not  provided  with  any 
sort  of  a  privy,  and,  often  when  they  are,  tlie  latter  are  not 
much  used,  because  the  chiklren  are  not  accustomed  to  them 
at  home.  Usually  in  such  instances  the  girls  go  to  one 
place  and  the  boys  to  another,  chosen  by  a  kind  of  natural 
selection.  A  thick  clump  of  bushes,  a  gully,  or  a  hollow 
behind  a  hill  are  the  places  usually  selected.  A  large  per- 
centage of  the  pupils  in  such  schools  are  often  infected. 
They  pollute  the  soil,  which  becomes  a  source  of  infection 
and  reinfection  of  all  the  barefoot  children  who  visit  it 
during  a  hot,  wet  spell.  "We  recall  many  schools  and 
churches  in  a  country  in  which  much  hookworm  disease 
exists,  where  the  sanitary  conditions  were  exactly  as 
described.  Ground  itch  was  a  common  troul)le,  and  every 
boy  knew  what  it  was — most  of  them  from  oft-repeated 
personal  experiences.  The  coming  of  railroads,  develop- 
ment of  the  country,  and  introduction  of  people  accustomed 
to  the  use  of  privies,  and  to  more  general  wearing  of  shoes, 
has  reduced  the  anemia,  once  very  prevalent,  to  an  appreci- 
ably smaller  degree. 

Miners  working  sometimes  deep  underground  often  defe- 
cate in  the  mine,  usually  in  some  corner  not  being  worked  at 
the  time.  The  temperature  and  moisture  are  favorable  for 
hatching  and  development  of  the  infectious  larva\  ^fud 
and  water  of  the  mine  become  infected,  and  frequently  get 
on  the  hands  and  feet  of  the  laborer. 
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We  have  seen  that,  in  tlie  case  of  tlie  class  of  peo|)le  wiio 
are  infected,  tlieir  feces  are  pretty  widely  scattered  a))out 
where  they  work  and  stay.  It  is  only  necessary  to  call  at- 
tention to  the  very  general  ])ractice  of  these  people  of  going 
l)arefoot  during  tlie  snmmer.  Tliis  often  is  not  realized  by 
the  city  resident,  who  seldom  sees  barefoot  ]>eople.  The 
children  go  barefoot  often  until  they  ai'e  fourteen,  fifteen 
or  more  yeai's  old,  and  often  <luriiig  the  warmest  weatlier 
tlie  adults  of  tJie  famil_\-  enjoy  this  pleasure  and  saving  also. 
They  wear  their  shoes  when  they  go  away  from  home;  so 
one  must  see  them  at  home  to  see  them  as  they  really  are. 
Jn  these  rural  districts  where  shoes  are  not  so  generally 
worn  we  have  often  seen  children,  and  even  grown  people, 
walking  to  cliurch  l)arefoot,  carrying  their  shoes  in  tlieir 
hands  or  on  their  shouhh'rs.  Their  Sunday  slioes  often 
liui't  their  feet,  wliich  are  uiiaccustomed  to  shoes.  When 
they  get  near  the  clmi-cli  they  sit  down  by  the  roadside  and 
])ut  on  their  shoes,  '^^fhese  facts  will  l)e  vei'ified  l)y  anybody 
familiar  with  the  liabits  and  customs  of  tlie  inhabitants  of 
these  remote  rural  districts  where  hookworm  disease  flour- 
ishes most. 

It  nmst  be  rememltered  that  the  conditions  of  shade, 
moisture,  and  favorable  temperature  required  for  the  ex- 
tensive develo])ment  of  the  larva^  to  tfie  infectious  stage 
occur  only  a  few  times  a  year — during  long  I'ainy  spells. 
These  wet  s]»ells  also  furnish  the  condition  in  which  the 
barefoot  individual  has  more  or  less  mud  and  water  on  his 
feet  all  day.  Those  who  wear  shoes  step  in  mud  and  water 
that  may  rim  in  h'aky  shoes.  If  such  mud  and  water  con- 
tains htrwe.  they  will  reacli  the  foot  in  this  way.  Tlie  pos- 
sibility of  infection  thi'ough  wet  shoes  free  from  lioles  is 
suggested  by  a  I'ecent  ex^ieriment  made  by  Bass.  TTe  placed 
a  culture  of  eiicysled  uncinaria  Americana  birva^,  grown  in 
a  mlxiure  of  feces  and  charcoal,  on  one  side  of  tlie  arm  ])art 
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of  a  kid  glove  that  had  beeu  soaked  in  water.  On  the  oppo- 
site side  he  placed  some  mud  made  of  sterile  soil  and  water. 
After  three  hours  the  mud  was  removed,  and  on  examina- 
tion four  living  and  two  dead  larvae  were  found  in  it.  Walk- 
ing in  infected  mud  would  furnish  similar  conditions,  and  it 
is,  we  believe,  possible  that  infection  may  occur  in  this  way. 
It  is  possibly  an  explanation  of  the  few  cases  of  hookworm 
disease  in  peox)le  who  do  not  know  of  having  had  ground 
itch. 

It  has  been  seen  that  experimental  inoculation  with  un- 
cinaria  larvae  gives  rise  to  symptoms  identically  like  those 
of  ground  itch  or  dew  poison.  Ashford  and  King  obtained 
a  history  of  ground  itch  in  90  percent  of  their  cases.  This 
condition  is  not  so  clearly  described  technically  for  the 
diagnosis  to  carry  with  it  any  clear  cut  picture  or  idea  of 
disease  to  the  uninitiated,  but  every  country  boy,  or  man 
who  was  a  country  boy,  knows  what  ground  itch  or  toe  itch 
is,  and  to  him  these  terms  mean  a  definite  clinical  condition, 
which  he  knows  when  he  sees  or  feels  it.  We  have  not  ac- 
curate tabulation  ol"  our  cases  with  relation  to  this  symp- 
tom, but  we  have  made  it  a  point  to  inquire  about  it  in 
several  hundred  cases.  We  are  certain  over  75  percent 
gave  a  history  of  having  had  it.  Only  mild  cases  give  a 
negative  history,  and  probably  had  infections  too  mild  for 
them  to  recognize  as  the  ground  itch. 

We  believe  we  are  justified  in  concluding  that  the  real 
source  of  hookworm  infection  is  always  the  feces  of  in- 
fected persons,  and,  further,  that  the  only  practical  mode 
of  iiifeetion  is  by  the  skin.  Walking  bai'efoot  in  infected 
iiiiid  and  water  is  the  chief  way  in  which  infection  gets  to 
the  skin.  Probably  next  in  Importance  is  infection  through 
leaky  and  wet  shoes.  Other  modes  of  infection  are  pos- 
sible, and  no  doubt  do  occasionally  occur,  but  eom]iara- 
tively  they  are  of  little  importance. 


C'ilAI'^rKI?  V. 

PATHUJA)(il('  AXATOMY  AND  PATIlOLOUY. 

Tlie  aiiatoiiiic  cliaim't's  cansod  l)v  Jiookworiii  can  1)0  partlv 
studied  diiriiig  life  in  the  Mood,  and  the  elianges  in  tliat 
tluid  will  be  Ijrietiy  described  in  this  clia})ter  on  account  of 
tlieir  close  relation  to  the  theories  of  tlie  disease.  The  con- 
dition of  the  bh)od  is  also  referred  to  in  greater  detail  in 
('liapter  VI,  among  the  symptoms  of  the  disease. 

Post-Mortem  Appearances. 

Skin.-  'J'lie  skin  of  a  liookworni  subject  is  pale,  sallow,  or 
even  lemon  color,  and  waxN',  so  that  the  body  ma}-  i-csemble 
a  ^Yax  tignre.      (Ashford  and  King.) 

The  body  shows  vai-ying  states  of  development,  as  will  be 
described  more  fully  under  sym])toms.  Emaciation  is  not 
always  marked,  as  AVuchei'er  note<L  The  subcutaneous  fat 
is  often  well  ^jreserved,  pale,  and  yellow.  The  mesentery, 
omentum,  mediastinum,  and  pericardium  are  often  unusu- 
ally fat.  The  nmseles  are  pale,  sometimes  Ijrowiiish  gray 
(Asliford  and  King),  soft,  friable,  and  bloodless.  All  the 
organs  show  great  lack  of  blood.  Serous  effusions,  on  the 
other  hand,  are  usually  present.  They  are  most  frequent 
and  most  marked  in  the  al)dominai  cavity  and  lower  ex- 
tremities, but  general  anasarca  is  also  sometimes  present. 
Straw-colored  fluid  may  be  found  also  in  the  pleural  cavi- 
ties, pericardium,  and  venti-icles  of  the  brain,  and  there  is 
not  infrequently  edema  of  the  lungs.  Sandwith  saw  edema 
of  the  glottis. 

The  heart  is  sometimes  small,  but  generally  enlarged, 
dilated,  and  with  more  or  less  secondary  hypertrophy,  es- 

94 


PATHOLOGIC  ANATOMY  AND  PATHOLOGY.  95 

pecially  of  the  left  ventricle.  The  subepicardial  fat  is  often 
well  preserved.  Post-mortem  coagula  may  be  either  soft 
and  red,  or  pale  and  gelatinous,  and  the  heart  cavities  and 
arteries  may  also  contain  pale  liquid  blood.  Accidental 
valvular  lesions  are  sometimes  found;  more  frequently  there 
are  dilatations  of  the  tricuspid  and  mitral  valve  from  mus- 
cular weakness.  Sandwith  found  the  mitral  markedly 
changed  in  12  percent  of  cases. 

The  heart  muscle  is  flabby,  pale,  sometimes  showing  small 
or  even  large  bright  yellow  areas  on  transverse  section  of 
the  papillary  muscles. 

There  is  often  sclerosis  of  the  arteries,  even  in  young  sub- 
jects. Similar  changes  may  affect  the  cardiac  valves,  es- 
pecially the  mitral.  Ashford  and  King  have  observed  such 
changes  with  only  slight  anemia. 

The  lungs  are  bloodless  and  often  edematous,  as  stated 
above,  and  sometimes  the  seat  of  hypostatic  congestion. 

The  spleen  is  usually  not  enlarged,  sometimes  small,  soft, 
and  with  wrinkled  capsule.  Sandwith  found  it  enlarged  in 
one-third  of  his  cases  in  Egypt.  It  is  sometimes  tough, 
sometimes  friable.  In  the  pulp  large  numbers  of  eosino- 
phile  cells  may  be  found.     (Yates.) 

The  kidneys  are  pale  and  large;  the  capsule  strips  easily 
and  shows  a  mottled  anemic  surface;  the  cut  section  is 
slightly  fatty  looking,  and  often  shows  traces  of  parenchy- 
matous or  interstitial  inflannnation  and  fatty  degeneration. 
The  kidneys  are  sometimes  amyloid.  Sandwith  finds  the 
changes  so  typical  as  to  suggest  the  term  "ankylostoma 
kidney."  Granuhir  contracted  kidneys  with  cysts  are  often 
noted,  but  are  accidental  findings. 

The  liver  is  usually  not  greatly  enlarged,  but  rarely 
smaller  than  normal,  pale  or  bright  yellow,  or  brownish  or 
greenish  yellow,  and  greasy  looking.  The  tissue  is  brittle 
and  fatty.     Amyloid  degeneration  is  rare.     Daniels  found 
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au  excess  of  iron  coiitaiiruiii'  pi.uiiiciit,  liiit  Gutierrez  could 
not  coiilinii  I  his.  ^'.•lt('s.  in  a  severe  ease,  found  necrosis 
aliout  the  central  veins. 

The  j»an('i'('as  shows  no  conslant  change.  Sonic  authors 
liave  thought   it  cnhir.iicd. 

''I'he  stomach  is  ottcn  dilated,  sometimes  enormously  so, 
esjjecially  in  connti'ics  where  hnlky  diet  is  the  ruU^.  Chronic 
gastritis  in  various  degrees  is  conunonly  found.  Hemor- 
rhagic erosions  liave  ])een  descril)ed  bv  Rotli.  Ashford  and 
King  occasionally  foujnl  hookworms  free  in  the  cavity  of 
the  stomacli.  and  (Jutierrez  found  several  adherent.  But- 
terworth  (dourn.  Anun-.  Ated.  Assn.,  Aug.  21,  1909)  has 
reported  a  case  in  which  a  lai'gc  liair  cast  was  found  in  tlie 
stomacli  of  a  girl  .S  yi-ars  old  severely  infected  with  hot)k- 
woi'in. 

Intestines. — Sometimes  dark  red  or  slate  colored  areas 
can  he  seen  through  the  sei'osa.  and  soinetimes,  but  rarely 
on  the  whole,  blood  may  make  the  intestine  look  dai'k.  In 
severe  cases  of  long  standing,  liowever,  these  may  not  ])e 
j)resent,  so  that  Ashford  and  King  did  not  tind  even  bloody 
mucus.  Apjjai'ent  conti-actions,  such  as  AVucherer  de- 
scribed, are  for  the  most  i^art  accidental,  l)ut  thinning  of 
tlie  walls  is  likely  to  occur  in  severe  chronic  cases,  and 
r^raig  saw  almost  comi)lete  obliteration  of  the  valvulaR 
conniveutes. 

Tn  the  examination  of  hookwoi'm  subjects  for  exact  scien- 
titic  purposes  it  is  advisable  to  nud<e  the  auto])sy  as  early 
as  ))ossible,  and  the  body  should  not  be  chilled,  as  the  hook- 
W(n-ms  are  inoi-e  likely  to  renuiin  alix'e  in  the  warm  body. 
The  ins])ection  of  the  intestines  should  be  made  first,  after 
opening  the  Ixxly.  '^I'lie  intestine  may  be  ligated  in  small 
lengths,  and  each  length  opened  in  a  vessel  of  warm  water. 
The  sections  of  intestine  may  at  once  be  ))laced  in  preserv- 
ing solutions,  and   the  contents  of  the  intestine,  with  the 
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warm  water  in  wliicli  the  gut  was  opened,  examined  for  free 
worms.  In  the  majority  of  cases  it  is  enough  to  open  the 
intestine  carefully  on  a  fiat  surface  and  spread  it  out  for  in- 
spection before  washing  it  with  water. 

The  contents  of  the  duodenum,  jejunum,  and  even  the 
ileum  are  sometimes  blood-stained.  Besides  the  blood  and 
the  usual  material,  there  is  an  excess  of  mucus,  worms,  and 
ova,  and  Charcot's  crystals. 

The  mucosa  is  often  covered  with  thick  tenacious  mucus, 
sometimes  stained  red  to  cliocolate  color  bv  blood.  The 
Peyer's  patches  and  solitary  nodules  are  often  swollen. 
Ecchymoses  and  small  erosions  are  frequent  in  the  experi- 
ence of  most  observers,  varying  from  3  to  4  millimeters  in 
diameter  or  even  larger.  In  some  cases  they  are  very  nu- 
merous, giving  a  speckled  appearance  to  the  mucosa,  as 
Whipple  states.  The  lesions  are  usually  the  same  level  as 
the  surrounding  tissue,  but  may  be  swollen,  as  in  the 
frontispiece.  In  the  midst  of  the  red  area  is  a  small  pale 
elevation,  at  the  summit  of  which  the  worm  may  be  seen 
adhering,  or  the  hole  caused  by  its  bite  after  the  worm 
has  fallen  away.  There  may  be  considerable  dark  red  or 
slate-colored  pigmentation  around  the  lesions,  from  old 
congestion  and  hemorrhage,  and  dense  induration  of  the 
wall.  Strong,  and  also  Yates,  found  extensive  eosinophile 
infiltration  in  the  mucosa,  submucosa,  and  even  the  muscu- 
lar coats. 

The  hookworms  are  found  in  various  parts  of  the  small 
intestine,  from  the  stomach  to  the  lower  ileum.  Ashford 
and  King  found  most  in  the  upper  and  middle  part  of  the 
jejunum;  Allen  J.  Smith  in  the  duodenum,  jejunum,  and 
upper  part  of  the  ileum;  Tenholt  in  the  lower  part  of  the 
small  intestine;  Sandwith  within  2  meters  of  the  pylorus, 
as  a  rule — the  lowest  6.30  meters.  In  one  case  he  found 
1,353  out  of  1,524  worms  in  the  first  two  meters  of  the  gut. 
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Tliey  are  i'oiiiid  free  or  atta('Jie<i,  vai'viiii;  imich  according 
to  cii'ciinislanccs.  Saiidwilli  in  one  case  t'oiiiid  "1*17  out  oi' 
HChl  worms  atlacli('<l  t(»  the  mucosa;  (ilo  were  rrcc,  Ki 
were  alive,  and  one  couple  in  copulation."  .Vsbt'ord  and 
King-  and  tlieir  colleagues  in  Porto  Jiico  did  not  find  many 
attached.  In  one  case  tliey  found  So  in  the  stomach  ("pos- 
sibly dislodged  in  the  manipulation''),  KJo  in  the  duo- 
denum, and  the  rest  in  the  jejunum.  In  some  cases  very 
lew  worms  are  found  at  autopsies;  Sandwith,  in  a  case  with 
six  bites  in  the  jejunum  and  ileum,  could  hnd  no  worms. 
As  regards  position  of  the  worms  in  the  intestine,  Sandwith 
suggests  that  in  old  cases  the  duodenum  is  riddled  from 
former  bites,  so  that  the  villi  get  "eaten  away"  and  the 
worms  prefer  the  jejunum.  He  found  6  cases  out  of  18  with 
less  than  10  worms,  no  thymol  having  been  given  previ- 
ously. 0.  Baker  explains  the  small  number  of  worms  some- 
times found  post-mortem  on  the  analogy  of  rats  leaving  the 
sinking  ship — not  without  reason,  as  some  other  helminths 
seem  to  leave  their  quarters  in  case  of  severe  illness  of  the 
host.  Sandwith  suggests  that  in  severe  cases  the  "half 
starved  worms  are  dislodged  by  purges  or  repeated  attacks 
of  diarrhea." 

The  ecchymotic  spots  mentioned  al)0ve  are  in  some  cases 
up  to  ]  c(^nti meter  in  diameter,  or  even  the  size  of  a  silver 
dollar,  in  the  center  of  the  hemorrhagic  sjoots  the  worms 
are  frequently  found — the  liead  and  sometimes  half  the 
body  buried  in  the  uuicosa.  The  males  especially  are  fre- 
quently found  almost  buried  in  the  mucosa,  so  thai  when 
removed,  an  operation  often  requiring  cousidei  able  force, 
long  narrow  depressions  mark  their  formei-  jtositions. 
Sometimes  there  are  minute  holes,  like  pin-pricks,  in  the  red 
areas.  Many  of  the  hemorrhagic  areas  are  without  worms, 
but  show  minute  ei'osions  or  ulcers  ^  1>  millimeter  in  diam- 
eter.    Though     many     ol)servers     have     found     mimerous 
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hemorrhages,  it  must  be  emphasized  that  they  vary.  Fearn- 
side  found  eong-ested  areas  in  60  percent  of  78  cases. 
Whipple  found  hemorrhages  often.  Looss  found  the  woniis 
attached  without  hemorrhages  more  often  than  not,  and  he 
found   hemorrhages   especially   in   recent    cases.     iVshford 


Fig.    2S.      Blood    cyst    below    the   mucosa   of   the   jejunum,    with    cross    sec- 
tion  (i\)    of  included  liookworm.      (Aftei-  Whipple.) 

and  King  say  (1904) :  "In  our  auto))sies  the  feeding  ground 
of  uncinaria  Americana  can  easil}  be  passed  over  without 
being  noted." 

Although  one  might  expect  the  licniorrliages  to  be  in  pro- 
portion to  the  number  of  worms,  there  are  reasons  for 
anticipating  variations  from  a  simple  ratio.  Usually  there 
are  many  more  bites  or  lesions  than  worms.  Sandwith 
found  250  worms  and  counted  575  bites  in  one  case.  Leich- 
tenstern  pointed  out  that  young  ankylostoma  change  theii- 
position  more  fref]uently  than  old  ones.     Like  otiier  lid 
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mintlis  also,  coitus  is  likely  to  be  associated  with  cliauge  of 
location,  and  active  ovulation  with  voracious  feeding,  pos- 
sibly also  with  migration. 

From  the  time  of  Bilharz,  cysts  in  the  submucosa,  con- 
taining blood,  have  been  described.  Whipple  found  them 
not  infrequently,  measuring  5  to  10  millimeters  in  diameter, 
and  gives  photographs  of  sections.  He  also  found  hook- 
worms in  the  cvsts  in  7  cases.  The  colon  sometimes  con- 
1m ins  tarry  feces. 

Among  rare  hndings  in  the  intestine  may  be  mentioned 
the  perforating  ulcer  of  the  duodenum,  described  by  Wil- 
liams. Wucherer  noted  adhesive  peritonitis;  amyloid  de- 
generation of  tlie  villi  was  seen  by  Baumler. 

Other  parasitic  worms  are  not  rarely  found  in  cases  of 
hookworm  infection,  especially  ascaris,  oxyuris,  trichiuris. 
and  anguillula.  Ameba  and  other  protozoa  are  not  rarely 
])resent  in  tropical  and  subtropical  countries,  including  the 
southern  United  States. 

The  bone  marrow  is  pale,  sometimes  lymphoid  and  gray- 
ish red;  sometimes  gelatinous  or  fatty.  In  the  lymphoid 
marrow  nucleated  red  cells  and  other  evidences  of  increased 
blood  formation  are  present. 

The  mesenteric  glands  are  often  hyperemic  and  enlarged, 
and  reach  a  diameter  of  2  or  more  centimeters. 

The  hemolympli  glands  were  found  by  Gutierrez  as  large 
as  hazelnuts,  of  the  ty|)e  of  splenolym])li  glands. 

Edema  of  the  brain  is  not  uncommon  in  severe  cases, 
]\leningitis  has  been  obstTNcd  sometimes,  with  extensive 
eifusions  into  the  ventricles,  as  in  the  child  of  9  years,  de- 
scribed by  Ashford  and  King,  dying  with  8  percent  hemo- 
globin and  720,000  red  coi'puscles  per  cubic  millimeter. 

The  changes  in  the  blood,  in  general,  in  cases  that  come 
to  autopsy  are  as  follows:  ])ale  color,  watery  consistency, 
so  thai  the  blood  mav  resemble  Idood-sti'eaked  serum.     It 
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coagulates  slowly  and  imperfectly.  The  specific  gravity  is 
reduced.  The  total  bulk,  according  to  Boycott  and  Hal- 
dane,  is  increased. 

The  hemoglobin  varies  from  a  point  too  low  to  read  in  the 
ordinary  apparatus  to  about  50  percent. 

The  number  of  red  cells  is  reduced,  but  less  in  proportion 
than  the  hemoglobin,  so  that  the  color  index  is  low.  There 
are  rare  exceptions  to  this.  The  red  cells  vary  in  size  and 
shape.  Polychromatophilia,  normoblasts,  microcytes,  and 
macrocytes,  but  rarely  megaloblasts,  occur. 

The  leucocvtes  are  usual Iv  increased,  from  twice  to  sev- 
eral  times  the  normal,  in  cases  of  comparatively  short  dura- 
tion. In  older  and  very  severe  cases  there  is  sometimes 
leucopenia  of  moderate  degree.  The  leucocytes  are  chiefly 
remarkable  for  the  increase  of  eosinophile  cells,  but  the  pro- 
portion of  them  varies  very  much — up  to  72  percent,  as  in 
a  case  of  Leichtenstern,  and  in  severe  cases,  near  the  end, 
may  be  about  normal  or  even  lower. 

The  blood  changes  in  hookworm  disease,  in  brief,  are 
those  of  secondary  anemia  plus  eosinophilia.  The  state- 
ment so  often  made,  that  the  blood  resembles  that  in  per- 
nicious anemia,  is  based  on  imperfect  knowledge  of  both 
conditions,  and  has  come  down  from  a  time  when  the  blood 
was  examined  much  less  minutely  than  at  present. 

Pathology. 

The  relation  of  the  hookworm  to  the  various  anatomic 
and  functional  alterations  in  hookworm  subjects  is  not  yet 
thoroughly  understood.  The  nearest  and  simplest  explana- 
tion is  that  the  worms  cause  great  and  sometimes  protracted 
loss  of  blood,  and  that  this  interferes  with  nutrition  in 
many  ways  directly  and  indirectly,  including  degeneration 
of  the  walls  of  the  blood  vessels.     The  fact  that  in  some 
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cases  with  scxci'c  s\  iiiptoiiis  only  a  ['cw  worms  ran  lie  foiiml, 
and  llu'  addilional  fact  lliat  cxm  the  worms  I'oniid  do  not 
all  or  always  contain  blood,  have  led  to  a  partial  or  com- 
plete rejection  of  this  exi>laiiatioii,  so  that  others  have  l)eeii 
advanced.  It  is  therefoi'o  necessary  to  examine  the  facts 
and  assign  to  them  tlieir  i)rol)able  relations.  Tliat  the 
worms  cause  hemori'haiie  can  not  l)e  (h')nl)ted  l)y  any  one 
who  examines  a  numhei'  of  worms,  or  w]io  is  al»le  to  make 
an  antopsy  on  a  case  that  lias  not  had  too  protracted  a 
course.  8ucli  a  repoi't  as  the  followin.L!,',  fi'om  Ernst  (1888), 
leaves  no  doubt  as  to  tlie  ))i'eseiice  of  Mood  in  the  intestine: 
''On  the  nuicosa  of  the  small  intestine  is  an  unusual  amount 
of  tenacious  mucus,  which  even  in  the  upi>er  meter's  len,i2,"th 
shows  a  reddish  color  in  some  places;  the  color  becomes 
luore  intense  lower  down,  so  that  at  a  distance  of  four 
meters  the  contents  are  a  uniform  dark  chocolate  brown 
tenacious  nuiss,  the  color  evidently  ^\\\(:  to  blood.  P'l'om 
two  meters  l)elow  the  l)e,a,innini;-  the  mucosa  shows  numer- 
ous petechial  ecchymoses." 

Such  conditions  are  doubtless  rare,  thou,i>'li  among  rei)orted 
cases  they  are  not  so  rare  as  the  cases  of  advanced  anemia 
examined  by  the  Porto  Rico  (\:)mmission  without  finding 
blood  or  ecchymoses  in  the  intestine,  or  blood  in  the  worms. 
Most  observers,  like  ourselves,  find  many  or  most  of  the 
worms  in  any  lot,  es])ecially  the  females,  stained  and  some- 
times stuffed  with  bloo(h  so  that  they  look  deformed  when 
fixed  in  preserving  fluids  that  cause  much  contraction.  In 
the  dog  hookworms  practically  all  the  worms  contain  blood. 
The  absence  of  blood  from  the  worms  does  not  prove  that  the 
))arasites  did  iiot  suck  blood,  foi'  the  (\iection  of  blood  has 
long  l)een  known.  ha\'ing  been  gra|thicall\'  descrilted  by 
Eii'iist  and  Leichleiistern.  These  observei's  note(l  in  li\'ing 
aukylostoma  how  "  the  graduall_\'  dying,  but  mox'ing,  worms 
threw  out  of  their  moutlis  at  iidei-\als  clouds  of  red  blood 
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corpuscles,  like  a  locomotive  puffing  out  clouds  of  smoke." 
Leicliten stern  saw  this  process  especially  in  worms  from 
acute  cases,  with  severe  anemia  and  rapidly  ensuing  death. 

Whipple  more  recently  writes  that  it  is  ''unusual  not  to 
find  a  few  worms  containing  blood  when  the  autopsy  has 
been  performed  within  two  or  three  hours  after  death." 
''When  worms  full  of  bright  blood,"  he  says,  "were  re- 
moved from  the  intestinal  mucosa  and  placed  in  water  or 
0.8-percent  saline  solution,  they  soon  discharged  the  blood. 
Under  the  microscope  one  could  watch  the  red  blood  cells 
and  blood-stained  fluid  being  poured  out  from  the  mouth 
and  anus.  This  explains  the  fact  that  worms  found  in  the 
feces  or  at  an  autopsy  performed  several  hours  after  death 
may  contain  very  little  or  no  fresh  blood. "^ 

The  structure  of  the  worms  indicates  that  sucking  is  an 
important  function,  and  it  seems  certain  this  must  have  the 
13urpose  of  sucking  fluid.  If  the  worms  fed  mainly  on  epi- 
thelial cells,  as  will  be  discussed  below,  they  would  hardly 
bury  themselves  so  deeplj^,  nor  suck  into  their  alimentary 
canals  such  masses  of  tissue  as  have  been  described  by 
Looss  and  others.  The  fluid,  then,  must  be  either  blood  or 
blood  plasma,  or  such  other  body  juices  as  can  be  obtained 
in  the  wall  of  the  intestine.  If  the  worms  do  not  use  blood 
as  food,  it  seems  strange  that  they  do  not  exercise  more 
selection  and  reject  it  at  once.  The  process  described  by 
Whipple  is  not,  of  course,  to  be  considered  as  a  wholly 
natural  one.  Even  if,  as  Looss  points  out,  the  blood  cells 
in  the  worms'  intestines  are  not  digested,  it  may  be  ques- 
tioned whether  the  observations  on  that  point  are  final. 
The  observation  quoted  from  Ernst  and  Leichtenstern  sug- 
gests that  the  blood  corpuscles  are  not  chiefly  desired,  but 
the  plasma,  the  digestion  of  which  is  much  more  difficult 


1  Whipple,   G.    H. :     "TTnoinaiinsis   in    Pfinaina."  Ametican  Journal  of  llie  Med- 
ical   Sciences.   July,    1909. 
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t(»  observe  tlinii  ilial  of  llie  eells.  AVliippIe  calls  attention 
to  tlie  worms  living  in  "  woi'iii  eysts"  in  connection  with  the 
matter  ot*  blood-feeding,  in  these  cysts  the  worms  live  for 
sevei'al  davs  and  remain  vigorous.  When  the  nnicosa  is 
fairly  normal,  as  AVhii:)ple  says,  it  is  reasonable  to  suppose 
the  worms  feed  chiefly  on  1)lood.  When  the  mucosa  is 
anemic,  thickened,  and  infiltrated,  the  worms  may  live 
chiefly  on  the  epithelium  and  mucosa. 

Even  if  the  worms  live  wholly  on  blood  or  blood  plasma, 
the  loss  due  to  their  feeding  in  a  short  time  would  not  need 
to  be  very  great.  According  to  Lntz'  estimates,  1,000 
worms,  a  number  often  present  in  a  single  case,  weigh  4 
grams.  If  each  worm  took  its  weight  of  blood — not  per- 
haps an  inordinate  amount — the  loss  at  one  time  would  be 
trifling,  but,  repeated  day  after  day,  might  easily  be  of  con- 
sequence to  the  host.  It  would  not  be  so  to  a  well-nour- 
ished individual,  consuming  nmch  more  than  his  need  of 
blood-forming  food,  but  to  one  living  close  to  his  margin  of 
nourishment,  or  with  gastro-intestinal  disease  that  limited 
nutrition,  or  with  insufficiency  of  the  blood-forming  organs, 
it  would  before  long  lead  to  a  definite  anemia. 

But  the  loss  of  blood  is  greater  than  the  greatest  need  for 
food  on  the  part  of  the  worms.  As  was  stated  above,  tlie 
worms  bite  often  and  in  various  places.  They  cause  a  flow 
of  blood  that  can  sometimes  be  recognized  in  the  stool  by 
the  naked  eye,  or  by  chemical  tests,  and  that  can  often  be 
found  post  mortem.  There  is  evidence  that  worms  them- 
selves produce  a  substance  that  furthers  the  hemorrhage. 
Sabbatani  had  suggested  that  in  many,  perhaps  all,  blood- 
sucking animals  such  substances  exist.  A.  J.  Smith  pre- 
dicted their  occurrence  in  necator.  L.  Loeb  had  shown 
that  the  intestinal  mucous  membrane  and  the  mucus  cover- 
ing it  have  a  strong  effect  in  accelerating  coagulation,  so 
that  ordiiiaiilv  bites  like  those  caused  bv  hookworm  sliould 
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not  bleed  mucli.  Loeb  and  Smith  found  that  ankylostoma 
caninum  produce  a  substance  that  delays  coagulation;  usu- 
ally for  many  hours,  sometimes  for  twenty-four  hours  or 
longer.  The  substance  was  found  especially  in  the  an- 
terior half  of  the  bodies  of  the  worms,  but  it  could  not  be 
determined  where  it  was  produced — in  the  glands  of  the 
head,  neck,  or  esophagus,  but  probably  the  esophageal 
glands,  as  suggested  by  Smith,  or  the  head  glands.  The 
large  size  of  these  glands  suggests  an  important  function. 
Control  experiments  with  round  worms  and  a  tenia  were 
negative — in  fact  the  coagulation  was  accelerated  by  the 
products  of  the  worms  in  question.  Liefmann  investigated 
with  reference  to  the  presence  of  a  substance  inhibiting 
coagulation  in  ankylostoma  caninum,  but  found  none  in  two 
out  of  three  observations.  He  thought  the  inhibition  was 
brought  about  by  the  co-operation  of  peptone  and  pancre- 
atic secretion.  Loeb  and  Smith  (1906)  deny  this  latter,  for 
various  reasons  not  necessary  to  state.  They  admit  that 
there  may  be  variations  in  the  amount  of  the  coagulation- 
inhibiting  substance  in  different  worms  and  in  different 
lands.  Loeb  and  Smith  also  found  the  substance  was  weak- 
ened by  boiling. 

From  the  biting  and  sucking,  and  the  accidental  hemor- 
rhages, there  is  a  loss  of  blood  in  hookworm  disease  that 
varies  with  the  number  of  worms  and  their  age  and  activity. 
The  loss  will  affect  the  host  partly  in  proportion  to  its  ex- 
tent, but  partly  in  proportion  to  his  resistance  to  the  flow 
of  blood  from  the  bites,  and  partly  to  his  power  to  make 
new  blood.  The  larger  the  number  of  worms,  and  the  less 
active  the  host's  nutrition  and  blood-formation,  the  more 
rapidly  and  more  severely  will  anemia  follow. 

The  process  is  not  unlike  that  seen  in  some  cases  of  bleed- 
ing hemorrhoids  or  gastric  ulcer,  or  other  local  diseases 
with   oft-repeated  hemorrhages.    In   these   we  got   blood 
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cli;m,u('s  iiiiicli  like  tlmsc  of  liookwonii  disease — practically 
identical  in  fact,  Avitli  the  exception  ot  eosiiioitliilia — low 
lieiiioi;lu1)iii,  low  color  index,  inci-eased  water,  or  so-called 
cldorotie  blood  cliauges,  poikilocytosis  (with  variations  in 
the  size  of  the  red  cells),  and  sometimes  normoblasts,  but 
rarely  megalol)Iasts.  Pnf^ness  of  the  subcutaneous  tissue, 
or  even  dropsy  and  auasa^'ca,  follow  as  the  result  of  the 
hj^dremia.  Nntrition  suffers  in  many  respects — partly  due 
to  the  anemia  and  j^ai'tly  to  the  conse(pient  malnutrition  of 
the  blood  vessels. 

Even  the  more  severe  changes  can  be  ex})lained  on  the 
ground  of  j'jrolonged  loss  of  blood.  Compensation  is  main- 
tained as  long  as  possible,  but,  wlien  the  loss  of  blood  con- 
tinues too  long,  the  blood-forining  organs  may  react  as  they 
do  in  pernicious  anemia  or  in  so-called  aplastic  anemia, 
from  perversion  or  paralysis  of  tlieir  functions. 

The  existence  of  hemolytic  toxins  has  been  assumed  \'ery 
often  in  hookworm  disease  on  account  of  the  discoveries  in 
bothriocephalus  anemia.  But  the  blood  changes  in  tlie  case 
of  infection  with  the  broad  tape  worm  are  very  different 
from  those  in  liookworm  disease — so  the  analogv  is  not  a 
good  one. 

Gabl)i  and  A^adala  (190;i),  Goldmann,  Preti  (]908),  and 
others  have  asserted  the  i>roduction  of  hemolytic  ])oiso]is 
by  hookwoi-ms.  Allesamh'ini  thouglit  glands  in  tlic  an- 
terioi"  ])art  of  the  body  )'>roduced  hemolytic  j.oisons  that 
canse(l  hypei'emia.  Romani.  who  has  done  much  ex])eri- 
mental  work,  found  the  serum  of  ankylostoma  subjects 
hemolytic  to  chickens  and  ral)bits,  1)ut  not  to  normal  or 
anemic  human  subjects.  He  even  fonnd  the  red  blood 
cells  of  ankylostoma  anemia  more  resistant  to  rabbit  serum 
tjian  those  of  health)'  men.  imt,  (»n  the  other  liand,  the  blood 
serum  of  aukxiostoma  subjects  inje<-ted  into  the  veins  of 
I'abbits  ])i-oduced  toxic  sym])toms  and  hemoglobinui'ia  in 
smaller  doses  than  the  serum  ol'healthv  men. 
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Loeb  and  Smith  (1904)  found  no  evidence  of  hemolysis  in 
extracts  of  dog  hookworms  (ankylostonia  caniniim). 

Whipple  points  out  some  of  the  difficulties  in  the  way  of 
accepting  the  idea  of  hemolysis  from  the  conditions  in  the 
blood  cysts  already  mentioned,  and  shows  the  need  of 
wholly  new  experiments  in  order  to  prove  the  hemolytic 
theory.     As  he  points  out,  the  worms  often  ''remain  in 


Fig'.    29.      Hookworm    in   the  subniucosa.    witli    \cr\-    littli'   I'Xtravasation   ol' 
blood.     Cross  section  ol  tlie  body  of  a  female  worm.      (After  Whipple.) 


these  submucus  blood  clots  for  a  few  days  at  least.  The 
worms  are  not  injured  by  their  sta}^,  yet  there  are  well-pre- 
served red  blood  cells  in  all  parts  of  the  cysts."  The  worm, 
therefore,  ''causes  the  loss  of  more  blood  through  damage 
to  the  mucosa  than  it  can  hemolyze  under  favorable  con- 
ditions. It  does  not  seem  likely,  therefore,  that  this  same 
worm  coukl  secrete  a  hemolytic  substance  which,  taken  up 
by  the  human  intestine,  could  act  on  the  circulating  blood, 
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wliere  coiiditioiis  would  1)0  less  ravoi'al)l('  for  lieiiiolysis  tliau 
in  the  blood  cysts."  AVliipple  lias  also  shown  that  the 
worms  contain  a  very  weak  liemolytic  principle  which  is 
active  in  vitro,  Init  is  demonstrable  only  in  concentrated  ex- 
tracts of  the  hookwoi'in.  Hemolysis  takes  place  very  slow- 
ly, very  little  being  observed  in  six  honrs.  The  hemolysin 
is  present  in  all  parts  of  the  worm,  and  probably  is  related 
to  its  alimentary  canal  and  its  digestion  of  the  host's  blood. 
AVhipple's  ol)servations  on  hookworm  were  controlled  by 
experiments  on  various  other  worms,  dog  hookworm,  whip 
worms,  and  i-onnd  worms.  His  negative  findings  confirm 
those  of  Loeb  and  Smith. 

Preti  claims  to  have  discovered  a  hemolysin  in  the  ohl 
world  hookworm,  not  soln))le  in  saline,  Init  freed  and  made 
soluble  in  watei-  by  trypsin.  He  Ijelieves  the  substance  is 
similar  to  that  of  bothriocephalus  latus,  but,  as  we  have 
said  before,  the  blood  changes  in  the  two  conditions  are  so 
dissimilar  that  further  proof  and  control  observations  are 
much  needed. 

The  ]^igmentation  of  the  liver  and  spleen  have  been 
looked  u|)on  as  evidences  of  a  hemolysin  secn-eted  by  worms 
and  absorbed  by  the  host,  but,  as  similar  changes  occur  in 
many  secondary  anemias — tuberculosis,  for  example — tlie 
jngmentation  can  not  l)e  lool<ed  u])on  as  lU'oof  of  a  hemolytic 
poison. 

Tt  is  necessary  to  discuss  the  other  effects  of  the  hook- 
worms upon  the  intestinal  wall.  Besides  blood,  the  worms 
are  supposed  to  eat  mucus — in  fact,  Sangalli  believed  that 
to  be  their  normal  foo(k 

Looss  has  shown  a  much  more  important  source  of  food — 
the  intestinal  mucosa  itself.  He  points  out  that  the  worms 
do  not  merel\'  bore  inio  the  intestinal  wall,  as  if  for  the  pur- 
y)Ose  of  a])plying  suction,  but  Ihat  they  cause  an  actual  de- 
fect in  tlie  tissue.     The  mass  of  tissue,  then,  drawn  into  the 
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esophagus,  as  shown  l)y  tho  l)eaiitifiil  photographs  of  Looss 
and  the  Porto  Rico  Commission,  is  not  mucosa  alone,  but 
largely  submucosa,  a  plug  of  which  reaches  far  down  the 
esophagus  or  even  into  the  intestine,  in  which  it  can  be  seen 
to  break  down  into  its  histological  elements.  "The  latter 
form  the  exclusive  contents  of  the  intestine  in   the   ma- 


Fig.  30.  PhotoniiiTOgrapb  of  uncinaria  Amciicaiia  siickiiig'  mucosa.  Hy 
the  late  Dr.  W.  M.  Gray,  Wasliington,  D.  C,  fi  oni  the  report  of  the  Porto 
Rico  Commission,    190G-1907. 

jority  of  cases;  in  others  there  is  an  admixture  of  blood, 
which  varies  from  a  few  blood  cells  to  pure  blood.  A  per- 
fect digestion  of  these  corpuscles  does  not  take  place;  the 
nuclei  retain  their  tinctorial  qualities  unchanged,  and  only 
the  plasma  becomes  more  or  less  cloudy.  Accordingly,  the 
intestinal  mucosa  itself  is  the  food  of  the  ankylostoma;  the 
worms  eat  into  it,  and,  if  thereby  they  accidentally  meet  a 
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blood  vessel,  the  wall  of  tlie  latter  becomes  eroded.  The 
])lood  tliat  tlows  out  is  ])artly  swallowed,  the  rest  escapes 
))eside  tlie  worms,  i'oniiiii.i;-  tlie  well  known  hcinorrhages." 
(JjOOSS.) 

It  is  important  to  r(^alize  the  dilYerence  ])etween  epithelial 
cells  only  and  the  mucosa,  including  the  submucosa,  which 


Fig'.  31.  Ji'.iumim  in  a  fatal  ra.se  of  uncinariasis,  sliowing  extonsivo 
scarring"  and  intiamniation  of  the  intestine,  a,  Bases  of  crypts  of  I^ieberkiilin ; 
many  polyniiclear  leucocytes  in  the  interglandular  tissue;  (/,  muscularis 
mucosa;'  distoi-ted  and  scarred,  invaded  by  man.v  wandering  cells,  many  of 
tliem  eosinophiles;  c,  submucosa,  which  is  much  thickened  and  full  of  ever.v 
ts'iie  of  cell — eosinopliiles,  poly n uclea rs.  and  ■■pol.\'I.)lasts."  There  is  much 
scar  lissue;   n.  w-fninied    bluud   vessels  are  se(  n.      (.\lter   Whipiile.) 


I  ss  tliinhs  I'oi'ins  tlic  food  ol'  the  worms,  and  we  doubt  it 
llic  process  as  described  takes  place  as  often  as  mere  })lood- 
sucking".  -If  it  did,  one  would  expect  to  see  much  more 
sei-ious  defects  of  the  intestinal  walls  in  cases  with,  say, 
1, ()()()  or  1, .")()()  worms,  and  we  should  expect  to  see  tlie  worms 
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destroying  or  undermining  the  nmeosa,  like  anieba,  bnt  on 
a  larger  scale. 

An  event  that  mnst  be  of  greater  importance  than  the 
consumption  of  mucosa  by  the  worms  is  the  infection  of 
the  bites.  This  was  first  emphasized  by  Allen  J.  Smith, 
who  wrote  in  1904:'  "It  is  possible  too  .  .  .  that  these 
lesions  may  fail  to  heal,  and  from  infection  bj'  pyogenic 
organisms  become  ulcerated,  small  follicular  ulcers,  with  a 
marked  zone  of  hyperemia,  thus  being  produced.  These 
sometimes  run  together  to  form  irregular  linear  ulcerations 
in  the  mucous  membrane."  The  possibility  of  toxic  ab- 
sorption from  such  ulcerative  lesions  can  not  be  ignored, 
and  Smith  went  on  to  say  that  the  type  of  anemia  and  the 
failure  to  find  hemolytic  poisons  "by  no  means  set  aside 
the  idea  of  a  toxin  having  widespread  and  important  inter- 
ferences with  the  integrity  of  the  general  tissues  and  of  the 
nutritive  functions  of  the  host." 

Whipple  believes  that  the  "anemia  may  be  due  to  the 
poisonous  products  absorbed  from  these  foci  of  inflamma- 
tion in  the  intestine,"  and  that  this  explains  the  fact  that 
some  cases  with  relatively  few  uncinariiie  may  show  a  pro- 
found or  even  fatal  anemia.  The  case  he  cites  in  this  con- 
nection is  most  instructive,  and  we  quote  it  in  full,  with 
Whipple's  deductions r 

"A  male  Jamaican  negro,  aged  GO  years,  shortly  before 
his  death  had  15  percent  of  hemoglobin.  There  was  noth- 
ing unusual  about  the  gross  pathology  of  the  viscera.  The 
tissues  were  all  very  pale.  The  heart  was  greatly  dilated, 
with  watery,  pale  clots — liydremia.  The  lungs  were  pale 
and  cushiony.  The  liver  and  kidneys  showed  a  defini, 
yellowish  brown  pigmentation  and  anemia.  The  bone  mar- 
row was  very  firm,  pink,  and  cellular.     The  jejunum  con- 


'  "T'^ncinariasis,"    International    Clinics,   vfil.  2,   14tli   series,   1004.  p.   S2 
-Wliipple:      "Uncinariasis  in  Panama." 
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taiiied  between  ]00  and  200  hookworms,  but  the  types  were 
not  identilied.  The  mucosa  was  very  i»ale  and  smooth. 
There  were  no  notes  concerning  the  presence  of  fresh  blood 
in  the  worms,  and  no  notes  regarding-  eccliymoses.  AVe 
can  not  assume  that  the  worms  were  discouraged  by  the 
anemia,  abandoned  the  mucosa,  and  were  carried  out  in  the 
feces,  for  we  find  cases  witli  even  greater  anemia  and  many 
hundreds  of  worms  in  the  intestines.  Microscopic  sections 
of  this  jejunum  are  most  interesting.  (Fig.  31.)  The 
nnicosa  shows  rather  short  villi  and  crypts,  with  a  little  dis- 
tortion of  the  architecture  of  the  glands,  due  to  an  increase 
in  connective  tissue.  The  interglandular  tissue  in  the  villi 
and  at  the  base  of  the  gland  tubules  shows  a  marked  infil- 
tration with  polymorphonuclear  leucocytes  and  eosino- 
philes,  which  in  some  fields  are  more  numerous  than 
the  mononuclears.  TTie  muscularis  mucosas  is  tliickened, 
scarred,  and  infiltrated  with  wandering  cells  of  all  types. 
Tlie  submucosa  is  thickened  and  scarred.  It  is  not  sharply 
separated  from  the  muscularis  mucosa^  and  many  poly- 
mori)lionuclear  leucocytes  and  eosino]»liiles  are  present. 
Accumulations  of  lai'ge  mononuclear  -wandering  cells  are 
found  about  the  vessels  in  the  sulnnucosa.  The  outer 
muscle  coats  are  normal.  This  is  a  very  definite  patlio- 
logical  change,  a  picture  of  dill'use  inflammation,  evidently 
of  some  duration,  diu'  to  the  hookworni,  as  evidenced  by  tlie 
eosinophiles. 

"When  one  considers  the  amount  of  tissue  which  was  in- 
\()l\-c(l  in  this  change — several  feet  of  the  jejunal  nmcosa — 
it  is  not  difticult  to  account  for  an  advanced  anemia.  Per- 
Jiaps  the  same  explanation  nia\'  hold  for  the  liver  necroses 
which  were  present  in  this  case,  and  similar  to  those  de- 
scribed by  Yates  in  a  fatal  case  of  infe(*fion  with  the  new 
world  hookworni.  Many  of  the  liver  lobules  show  a  ne- 
crosis of  the  central  half  or  third,  where  the  liver  cells  are 
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quite  hyaline,  and  wandering  cells  are  invading  such  areas. 
The  other  liver  cells  show  some  fatty  infiltration  and  a 
deposit  of  a  finely  granular,  yellow  pigment."^ 

Many  efforts  have  been  made  to  isolate  the  poison  of 
hookworms,  but  hitherto  without  results  of  value. 

Lussana  first  thought  he  demonstrated  a  toxic  action  by 
experiments  with  the  urine  of  ankylostoma  patients  in 
animals.  Rabbits  so  treated  developed  anemia.  Arslan  got 
similar  results.  But  such  experiments  are  very  crude,  and 
do  not  permit  definite  conclusions,  so  that  it  is  not  surpris- 
ing to  learn  that  Crisafuli  and  Aporto  got  similar  results 
from  the  urine  of  healthy  men  or  from  those  with  intestinal 
disease.  Vannini  found  the  urotoxic  coefficient  hiiiher  at 
the  height  of  the  disease — 0.88 — than  after  treatment,  and  a 
gradual  fall  to  0.422,  but  this  is  equally  inconclusive. 

Besides  poisons  that  may  be  produced  in  the  lesions  in 
the  intestine,  it  is  i)ossible  that  the  decomi)osing  blood  ex- 
creted by  the  worms  or  flowing  from  the  bites  may  play 
some  part  in  the  chain  of  events. 

To  summarize  this  part  of  the  subject,  we  suggest: 

1.  That  hookworms  cause  loss  of  blood  by  sucking  and 
subsequent  hemorrhage;  that  this  alone  produces  the 
anemia  in  many  cases. 

2.  That  infection  of  the  bites  is  an  important  part  of  the 
pathology  of  hookworm  disease,  and  may  be  the  most  im- 
portant, either  from  the  number  of  the  lesions  or  the  sever- 
ity of  the  subsequent  bacterial  infection. 

3.  That  other  toxic  processes  may  play  a  part,  but  at 
present  they  have  not  yet  been  proved  to  exist. 

Secondary  anemia  and  toxemia  are  the  only  conditions 
that  could  cause  the  symptoms  in  all  but  advanced  and  com- 
plicated cases,  and  nevertheless  permit  the  rapid  recovery 
that  follows  in  such  cases  on  removal  of  the  worms.     In 


1  In    some    cases    an    actual    mixed     infection   takes  place.     Sabrazes  has   re- 
ported a  striking  example  of  this.     (Arc  h.  de  Med.  exp6r.,  1907,  p.   85.) 
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these  it  is  obvious  that  the  lesions  in  tiie  intestine  are  not 
such  as  could  account  for  the  anemia,  for  in  that  event, 
though  compensation  could  occur,  it  would  hardly  lie  so 
closely  related  to  causal  treatment  and  so  rapid  as  the  im- 
provement that  follows  thymol. 

Anemia,  with  its  important  effects  on  all  nutritive  and 
metabolic  processes,  including  oxygen  metabolism,  explains 
most  of  the  striking  features  of  hookworm  disease,  such  as 
the  physical  and  mental  weakness;  it  predisposes  to  other 
diseases,  and  renders  the  patient  more  likelj^  to  succumb 
to  those  that  aifect  the  circulation  when  they  occur  as  com 
plications.  It  may  exi)lain  the  lack  of  development  occur- 
ring in  early  life,  though  this  is  jn'oljably  due  even  more  t(^ 
the  local  lesions  in  the  intestine.  A  specific  influence  on 
development  can  not  be  either  asserted  or  denied,  but  it  is 
very  desirable  that  investigations  along  the  lines  suggested 
by  Dr.  F.  T,  Lemann  in  a  case  to  be  reported  be  carried  out 
in  proper  cases. 

The  cause  of  the  eosinophilia  is  almost  certainly  to  be 
ascribed  to  a  toxic  action  l)y  the  worms,  but  whether  it  has 
any  relation  to  the  otlici-  suspected  toxins  must  be  left  to 
future  observations. 


CHAPTER  VI. 

SYMPTOMATOLOGY. 

There  is  probably  no  disease  in  which  the  symptoms  are 
so  variable  in  degree  as  in  hookworm  disease.  This  is  to  be 
expected  when  the  mode  of  infection,  which  is  fully  dis- 
cussed in  another  chapter,  is  understood.  It  is  certain  that 
every  worm  that  enters  the  body  of  an  individual  comes 
from  without,  and  that  a  patient  can  not  directly  infect 
himself,  because  the  eggs  can  not  hatch  in  the  intestinal 
canal.  The  number  of  worms  that  may  get  into  an  in- 
dividual depends  on  several  very  variable  factors  and  con- 
ditions, and,  in  fact,  frequently  on  accident.  It  follows, 
therefore,  that  the  number  of  worms  present  may  vary  from 
one  up  to  the  lethal  dose  for  the  individual  patient,  which 
frequently  runs  up  into  the  thousands.  Immunity,  both 
racial  and  individual,  also  contributes  to  this  variability  of 
symptoms.  Fatal  cases,  in  which  only  ten  or  twelve  worms 
were  found  at  autopsy,  have  been  reported,  and  other  cases 
have  been  reported  that  expelled  over  4,000  worms,  fol- 
lowed by  complete  recovery.  A  frequent  source  of  vari- 
ability of  symptoms  is  the  presence  of  associated  diseases 
that  produce  more  or  less  anemia  themselves. 

The  symptoms  of  hookworm  disease  are  due  to  loss  of 
blood  and  the  effect  of  a  toxin  which  may  also  be  capable 
of  destroying  l)l()()(l.  This  blood  destruction  results  in 
anemia  of  variable  degrees,  and  this,  in  turn,  gives  rise  to 
other  symptoms,  the  direct  result  of  long  continued  loss  of 
blood.  In  fact,  we  question  whether  the  symptoms  of  hook- 
worm infection  may  not  all  be  attributable  to  this,  except 
possibly  the  eosinophilia  so  frequently  seen.     Certainly  all 
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llic    iiiosl     pi'oiiiiiiciit    syiiiploiiis    ai'c    aUiilnitabU'    to    this 
cause. 

I)('t'()r('  takiii.i;-  up  (he  dcsci-lptioii  of  s)niplouis  in  detail, 
we  waut  to  impress  ou  the  rea(h'r  as  I'oreihly  as  we  can  that 
a  gi'eat  many  cases  of  hookwoi'iu  infection  i)resent  no 
syTn]>touis  tiiat  can  l»e  i-eco^nize(l  as  \'ai'iations  Ix'yond  the 


Vii^.  32.  iVIotlier  and  IIhim-  ihi  Idicii,  suli.jccts  of  lidulvwiiini  disease. 
Premat urel\'  nld  mutlicr;  >iiuimrsl  diild  also  infci'ted.  (  I'lioto.^rapli  fur- 
nished   ])y    1  ))■.   (  ".   ( ".   'JMioiiiiisnii,    (_"olmnliia.    Miss.) 

normal.  If,  ho\ve\'ei\  tliese  ])atients  with  no  recognizable 
symptoms  ai*e  cured  of  theii'  woi'ins,  though  often  very  few 
ai'e  preseid,  tlu'v  fre(|uent  !>'  nain  live  or  ten  pounds,  feel 
hettei'  genera  1 1  \\  and  e\'en  show  impi'ovement  of  blood 
count    and    heuio-iiobin.      Ikccenth'    we   carefullv    measured 
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and  weighed  lifty-six  grown  men  with  hookworm  infection 
so  mild  that  they  could  not  have  been  diagnosed  or  even  sus- 
pected without  a  fecal  examination.  Many  of  them  had  so 
few  ova  in  their  feces  that  none  could  l»e  found  until  the 
specimens  were  centrifuged.  We  also  weighed  and  meas- 
ured one  hundred  and  twenty-nine  men  of  the  same  class 
who  had  no  infection.     The  infected  averaged  eight  and  one 


Fig:.   33.     Family  with  hookworm  disease  of  moderate  intensity.      (Plioto- 
grapli  furnished  by  Dr.  W.  A.  Dearman,  Purvis,  Miss.) 

quarter  pounds  lighter  and  two  and  one-third  inches  shorter 
than  the  uninfected.  It  is  not  improbable  that  many  of  the 
infected  had  had  greater  infection  in  earlier  life,  and  there- 
fore we  can  not  conclude  that  the  average  of  weight  and 
height  below  that  of  the  uninfected  was  due  to  mild  infec- 
tions altogether.  A  medical  student,  25  years  old,  under 
our    observation    expelled    twenty-two    worms    from    one 
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course  of  thymol,  after  which  no  more  ova  could  be  found. 
He  was  then  as  heavy  as  he  had  ever  been  in  his  life — one 
hundred  and  thirty-seven  i^ounds.  In  thirty-seven  days  he 
gained  nine  pounds,  and  felt  more  vigorous  and  more  like 
studying  than  he  had  in  his  recollection,  though  he  had 
never  been  sick.  In  fact,  he  said  the  present  treatment  was 
the  first  dose  of  medicine  he  had  ever  taken.  Such  a  pa- 
tient can  not  be  said  not  to  have  had  symptoms,  but  they 
were  not  recognizable.  The  slight  diminution  of  weight 
and  vigor,  though  certainly  present  and  caused  by  the  in- 
fection, was  within  the  normal  variation. 

Another  student  had  a  hemoglobin  percentage  of  100  and 
was  as  red-faced,  healthy  looking,  muscular  a  man  as  was 
in  the  class,  and  played  on  the  football  team  as  a  star.  He 
had  so  few  ova  in  his  feces  that  it  was  necessary  to  use  the 
centrifuge  to  make  the  diagnosis.  Two  months  after  treat- 
ment he  weighed  five  pounds  more  than  he  did  before,  but 
saw  no  difference  in  himself  otherwise.  Many  of  the  mild 
cases  have  slight  reduction  of  hemoglobin,  but  so  many 
other  things  may  cause  the  hemoglobin  to  fluctuate  within 
normal  limits,  and  the  practical  methods  of  estimating 
hemoglobin  are  so  crude,  as  to  prevent  recognition  of  this 
symptom  in  the  mild  cases.  A  reduction  of  hemoglobin  1 
or  2  percent  could  not  be  recognized,  though  actually  pres- 
ent and  caused  by  the  infection.  Ten  or  15  percent  would 
be  considered  within  the  normal  limits.  In  fact,  the  clinical 
methods  of  estimating  hemoglobin  permit  a  variation  of  at 
least  10  percent  from  technical  inaccuracy. 

With  our  present  methods  of  recognizing  the  symptoms, 
we  would  have  to  say  that  many  of  these  mild  cases  have  no 
recognizable  symptoms  and  can  not  be  said  to  have  hook- 
worm Msease.  They  are  classed  as  hookworm  carriers,  but, 
as  we  have  repeatedly  seen,  many  of  them  improve  in 
weight,  feeling,  appearance,  and  hemoglobin  after  getting 


120 


HUOKWOiLM   DISEASE. 


rid  of  what  would  I)0  considered  an  insii;nifi('ant  infection. 
We  nnist,  therefore,  eonelnde  that  sneh  cases  have  symp- 
toms, but  that  they  are  so  mild  as  to  ])e  nnrecoo-nizahle. 
The  insidions  and  chronic  nature  of  the  disease  prevents  the 


KiK.     S.'i,      Hi)cik\\(irin     i-iisc     of    averaKt'     scvcrit  \' ;     siil)ject     lo     .\i'ars     old. 
(Photiisraiili   furiiisheil  li>-    I  )r.    H.  11.   Ram.';cy,    I)aiiiini.   Miss.) 


])atient  from  recoi>'nizini>-  tliat  his  liealtii  is  impaired,  lie 
often  is  liealthier  in  every  '\va_\'  than  others  who  are  well, 
so  far  as  can  he  (h'tcniiined.  One  of  the  symptoms  fre- 
qneidJN'  seen  in  very  mi  hi  infectioiisjii  iulnlts  is  mild  diges- 
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tiye_disturbance,  such  as  s1igljl_j;eduction  of  digestive 
ability,  tenderness,  and  pain_and  discomfort  in  the  epigas- 
trium. These  come  on  so  slowly,  and  often  have  lasted  so 
long,  that  the  patient  does  not  recognize  them  as  symptoms 


Fig.  36.  Same  subject  as  Fig.  3.5.  Shows  slight  edema  of  face  and  ex- 
pression of  illness.  (Photograph  furnished  l>y  Dr.  H.  H.  Ramsey,  Darbun, 
Miss.) 


of  disease,  hut  considers  tlicm  natural.  Ld  such  a  patient 
be  cured  of  his  worms,  and  he  notices  at  t)nce  the  change. 
This  type  of  the  disease  in  which  the  symptoms  are  too  mild 
to  be  recognized  when  looked  for  is  usually  caused  by  a 
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.siualJ  huiiiIh'i-  of  worms,  but  occasionally  as  lii,i;li  as  two  or 
three  liuuclrcd  worms  may  not  produce  recognizable  symp- 
toms. Adnlts  wlio  have  ceased  growing  liave  seemed  to  ns 
more  susceptible  to  the  effects  of  a  few  worms  tlu\n  vigor- 
ous, ra])idly  growing  children.  AVe  are  unable  to  say 
Avhether  negi-oes  may  ])resent  tliis  type,  but  it  is  (piite  cer- 


Fig.    :J7.      So\en-.\ear    nld    girl    with    liookworm    disease.      Small    for    age; 
edema  of  face.      (Photograph   furnished  by  Dr.   H.  H.   Ramsey,  Darbun,   Miss.) 


tain  that  the  small  reduction  of  hemoglobin  could  not  be 
recognized  on  account  of  color.  Their  reputed  relative  im- 
munity makes  it  probable  that  it  would  re(|uire  a  greater 
number  of  worms  to  |>rodiice  the  same  amount  of  anemia 
and  other  very  mild  symptoms.  This  very  mild  type  of 
the  disease  is,  we  believe,  the  most  common  in  this  country, 
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except  in  the  heavily  infected  regions.  Illveu  in  the  latter 
there  are  many  of  this  type  among  the  adults  and  the  better 
class,  who  are  less  exposed. 

A  mild  type  of  the  disease  is  next  most  common  in  this 
country.     In  badly  infected  sections  there  are  many  who 


Fig.  3  8.  Hookworm  case  of  average  severity.  Low  stature,  sloping 
shoulders,  no  mamn'.ary  development,  large  abdomen;  cachectic  face  and 
prematurely  old  expression.  (Photograph  furnished  by  Dr.  H.  H.  Ramsey, 
Darbun,  Miss.) 

show  only  moderate  pallor,  lowered  vitality  and  energy, 
and,  though  they  are  not  considered  sick,  their  hemoglobin 
reading  may  be  as  low  as  60  or  70  percent.  Children  with 
this  type  of  the  disease  grow  a  little  less  rapidly  than  their 
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fellows.  A  coinpaiMson  ol'  ilic  wciiilits  and  iiieasiirements 
oi'  s('V(M-al  of  tliis  iy]»('  of  a  uIn'cii  h'j^c  with  a  coiTespoiKliiii;' 
imiiiher  of  iiiiiiiJ'cctcd  cliildreii  of  the  same  age  always 
shows  the  former  are  under  weiiiht  and  under  size.  Thev 
are  a  little  later  in  reacliin.i;-  ])nl)er1>'.  FiVen  this  ty})e  sel- 
dom consvilts  the  jthysiciaii  I'oi'  symptoms  due  to  the  disease, 
and  the  dia,i;nosis  is  often  missed  when  they  do  come  under 
ol).servation,  unless  hookworm  disease  is  susi)eeted  and  an 
examination  of  feces  made.  IMixsicians  pi'aeticin.u'  in  liook- 
Avorm  districts  who  ai'e  rnll}'  aware  of  the  ])resence  of  tlie 
disease  in  their  practice,  and  who  have  diai!,iiosed  and 
treated  severe  cases  of  the  disease,  usually  1ia\'e  no  correct 
idea  of  the  prevalence  of  the  disease  of  this  and  the  very 
mild  ty])es.  ''IMiey  often  discuss  with  ])i'i(le  their  liavinn'  dis- 
covered so  many  cases  of  liookworm  disease,  usually  rela- 
tively very  few,  in  their  ]»ractice,  when,  as  a  matter  of  fact, 
more  than  half  of  all  of  their  patients  have  the  disease, 
either  alone  or  associated  with  other  conditions.  In  one 
instance  we  know  of,  a  cotton  mill  physician  had  treated 
several  cases  of  severe  hookwoi-m  disease  in  the  ])ast  two 
years,  and  thon.iiht  himself  (piite  expert  when  he  dia<;"nosed 
two  cases  in  mill  employees.  .M^out  that  time  the  manai^'er 
read  in  a  news]ia]^er  that  hookworm  disease  was  the  cause 
of  laziness,  and.  helievin.u'  that  all  of  his  employees  pre- 
seided  tiiis  one  of  the  symptoms,  he  sumnK'ued  the  physi- 
cian to  examine  the  sixty-two  hoys  and  ,i2,irls  for  hookworm 
disease.  He  decided,  after  lookini*'  at  them  all,  that  the  two 
cases  already  diai^'nosed  were  all  there  were  in  the  mill,  and 
thought  it  unnecessary  to  examine  the  feces  of  any  more  of 
them.  They  decided,  hoAve\'er,  to  send  s])ecimens  from  all 
of  them  foi'  examination,  regardless  of  the  (h>ctor's  negative 
diagnosis,  and  of  the  sixty  two  tlier(»  were  found  fifty  six  in- 
fected, ^lany  of  tliem  were,  of  course,  very  mild  cases,  hnt 
that  not  a  few  were  more  pronounced  is  indicated  by  a 
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letter  from  the  manager  four  montlis  after  treatment  of  the 
fifty-six  cases,  in  which  lie  says:  "The  time  keeper  had 
been  absent  nearly  three  months  on  account  of  sickness  in 
his  family,  and  on  his  return  he  found  that  many  of  the 
children  had  changed   so  much  he  often  had  to   ask  the 


Fig.    '.','.).      Severe  liookwoini   case;   siibji-'ct   14    jear.s  old.   liut  appears   to   be 
about  7.      (Photograph   furnished  by  Dr.  C.  W.  Stiles.) 

names  of  some  whom  he  had  ])revionsly  known  well.  The 
working  capacity  of  the  hands  has  been  increased  at  least 
25  percent,  and  I  feel  that  the  small  fee  I  paid  you  is  insig- 
nificant in  comparison  with  our  gain." 

We  may,  for  convenience,  recognize  another  type — the 
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severe  type,  in  wliicli  the  liemoglolnii  ranges  from  60  down 
to  30  percent,  and  the  patient  is  too  weak  and  dyspneic  on 
exertion  to  be  overlooked.  He  is  pale,  anemic,  and,  if  not 
an  adult,  his  growth  is  interfered  with.  He  often  grows 
very  little  for  years,  and,  if  the  infection  is  kept  up,  the 
patient  may  be  no  larger  than  a  12  or  13-year  old  child  when 
he  is  actually  20.  He  will  continue  to  grow  until  he  is  26 
or  28  years  old  if  the  infection  lasts  a  long  time,  but  the 
size  attained  is  never  what  it  would  have  been  if  the  infec- 
tion had  never  occurred.  The  pubic  and  axillary  hair  ap- 
l^ears  one,  two,  or  even  four  or  live  years  late,  and  the  beard 
does  not  start  until  the  patient  is  2-1:  or  25  years  old.  We 
know  of  an  instance  in  which  there  were  two  deaths  in  a 
family  from  what  we  now  know  to  have  been  the  very 
severe  dropsical  form  of  hookworm  disease,  and  several 
other  boys  had  this  severe  type.  They  were  often  crippled 
with  ground  itch,  and  were  typical  anemic  dirt  eaters.  One 
of  the  boys  at  14  went  to  live  witli  an  uncle  in  a  small  town, 
and  was  thiis  removed  from  the  continued  reinfection  to 
which  the  other  four  were  exposed.  AVhen  he  left  home  he 
looked  no  better  than  his  brothers,  but  at  the  age  of  20  he 
weighed  about  one  hundred  and  tifty  pounds  and  had  a 
pretty  heavy  beard.  He  sometimes  went  home  and  thence 
to  church  with  his  brothers,  two  of  them  older  than  himself, 
and  it  was  comical  to  see  them  together,  knowing  their  ages 
and  relation.  One  of  them  niade  a  small  man  at  the  age 
of  about  27,  but  had  little  or  no  beard  at  about  30.  When 
about  35  he  had  grown  a  fairly  heavy  beard.  If  the  severe 
infection  occurs,  however,  after  the  patient  is  fully  grown 
and  the  beard  has  come  out,  the  latter  often  feels  and  looks 
dry  and  dead,  but  does  not  disappear.  In  this  type  in 
women  menstruation  is  delayed,  irregular,  scanty,  or  ab- 
sent. In  certain  hookworm  sections  in  tliis  country  this 
type  is  common. 
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Fig.  41  is  from  an  interesting  ease  of  this  kind,  re- 
ported from  Dr.  Dock's  clinic  in  the  Charity  Hospital, 
New  Orleans,  by  Dr.  I.  I.  Lemann.  The  subject,  22  years 
old,  was  usually  taken  to  be  13  or  14.  The  bony  develop-' 
ment  corresponded  to  that  of  11 V2  years.  The  careful 
analysis  of  Dr.  Lemann  shows  that  the  dwarfing  process 
was  general.  "There  is  no  disproportion  between  the 
lengths  of  the  limbs  and  the  trunk;  no  undue  size  of  the  ex- 


Fig.    40.      Severe    hookworm    case;    subject    16    years    old.      Emaciation;    no 
edema. 

tremities  or  the  head."     The  height  at  the  time  was  139.5 
centimeters,  or  about  four  feet  eight  inches. 

We  may  recognize  a  severe  type  of  the  disease  in  which 
the  hemoglobin  ranges  from  30  down  to  8  or  10  percent,  and 
is  frequently  accompanied  by  albuminuria  and  dropsy.  The 
anemia,  pallor,  and  weakness  usually  incapacitate  patients 
for  any  kind  of  work,  and  when  dropsy  is  present  they  often 
have  to  remain  in  bed.     In  this  type  death  may  occur  from 
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tlio  liook\V()i-iii  <lisease  nlotic.  wlicrc-is  in  tlic  i)r('VJoiis  types 
(leatli  (Iocs  not  occui',  except  as  a  I'csult  ol*  some  intonMirrciit 


l''if;'.  41.  HiMikwiinn  siiliJiT-t  L'l'  \>virs  nUi.  Three  IiuiuIiimI  lidukworms  ex- 
IihUi-iI  twii  J'eai-s  M.yn;  iiuiiiiTiiUS  ov;i.  now  (1909).  (Case  Id  Ix'  I'fpoi'ted  by 
l)r.    I.    I.    Li'inaiiii,    19lil.> 

disease.  Tliis  type  of  Jiookwoi'iii  disease  is,  liowever,  a 
fruitful  source  of  deatli  l>y  lo^Yeri^g  the  i)atieiit's  vitality 
and  resistance  against  otlier  diseases  to  wliicli  be  now  sue- 
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cumbs,   tlioiigli   normally  he   would   have   recovered  from 
them.     There  are  relatively  very  few  cases  of  this  type  in 


Fig.  42.      Side  view  of  Fig.  41. 


the  United  States.  According  to  the  opinion  of  the  Porto 
Rico  Anemia  Commission,  about  30  percent  of  all  the  deaths 
in  the  island  are  due  to  this  type  of  the  disease. 
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This  ;irl)itr;iry  division  of  the  disease  into  several  differ- 
ent types  is  useful  iiijiinly  to  enable  us  to  convey  in  our  de- 


Fig.    43.      Rontgcnograin    of  hand  of  hookworm   subject   shown    in    Fig.    -11. 
(Negative  furnislied  by  Dr.   A.  Granger,  New  Orleans.) 

seription  of  tlie  disease  a  more  definite  idea  or  meaning  for 
such  terms  as  very  mild,  mild,  severe,  and  very  severe  cases. 
Each  type  must  merge  impercepti])ly  into  tlie  other.     In- 
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^,...rJJf    44      Rontgenogram    of   hand   of   normal   man    19    years   old       (Photo- 
graph furnished  by  Dr.  Thomas  Morgan  Rotch.)  (i'hoio- 
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nsiniicli  ;is  the  syiiiploins  ;ni(l  results  oi'  tJie  disease  are  due 
cliietly,  ii'  not  wholly,  to  anemia,  we  believe  wliatex'er  elassi 
fieatiou  is  necessary  should  he  hased  on  the  amount  of 
hemoglobin  a  i)atie]d  lias.  We  would  classify  cases  with 
over  80  ]»ercent  lienioglobin  as  very  mild;  tliose  with  80 
]>ercent  to  60  percent,  mild;  those  witii  GO  percent  to 
oO  percent,  severe;  and  those  witli  less  than  30  percent, 
very  severe.  Ashford  and  King  distinguisli  three  grades  of 
the  disease — slight,  moderate,  and  marked.  Their  "sliglit" 
cases  correspond  about  to  our  mild  cases,  their  "moderate" 
to  our  severe,  and  their  "marked"  cases  to  our  very  severe 
ones.  Their  sunmiary  of  the  sym})toms  under  each  head  is 
so  com|)lete,  and  yet  brief,  that  we  (piote  it  l)elow  in  full. 
V])  to  this  wi'iting  (If'lO),  theirs  is  tlie  only  very  large 
series  of  observations  and  statistics  on  liookworm  disease 
due  to  nncinaria  Americana. 

"Slight  cases. — Such  as  those  who  i)ossess  little  or  no 
])allor,  oi",  at  best,  show  but  an  indehnable,  dirty  yellow 
tinge  of  tlie  skin  in  wliites  and  a  slight  pastiness  in  mulat- 
toes.  There  is  a  re(lu('tion  in  the  normal  amount  of  jierspi- 
ration.  The  a]ipetite  is  a]:tt  to  be  capricious.  Attacks  of 
gastralgia  ai'c  felt  at  o<ld  times,  or  at  least  a  little  uneasi- 
ness in  the  epigastrium,  a  tendency  to  meteorism,  slight 
breathlessness  on  exertion,  occasional  palpitation  of  the 
lieart,  dizziness,  lieadache,  lack  of  attention  to  details,  and 
a  little  dulling  of  the  mental  faculties.  The  muscles  are 
flal)by,  and  weakness  and  indisposition  to  labor  exist.  The 
hemoglobin  of  sucli  ])ersons  generally  lies  lietween  GO  ])er- 
cent  and  noi'mal,  the  foi'uier  sometimes  in  spite  of  a  good 
color. 

"Moderate  cases. — Tliese  form   the   usual    type  seen    in 
Porto    liico,    although,   natui'ally,    nuii'ked    cases    predomi 
nated  among  tliose  a})plying  for  treatment.     Tlei-e  all  symp- 
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toms  noted  under  slight  cases  are  more  prominent.  The 
l^allor  is  definite,  the  mucous  membranes  are  paler  than 
normal,  the  skin  is  quite  dry,  and  sweating  is  rare.  Appe- 
tite may  be  exaggerated  to  the  point  of  bulimia,  or  even 
perverted  to  geophagy.  Nausea  is  frequent,  and  vomiting 
may  occur  at  times.  The  tongue  is  coated,  and  often  flabby 
and  enlarged.  There  may  be  some  tenderness  of  the  epi- 
gastrium and  abdomen,  with  sf)ontaneous  pain  and  heavi- 
ness. Breathlessness  is  much  more  easily  elicited.  Palpi- 
tation of  the  heart  is  frequent  and  severe,  and  not  always 
relative  to  exertion.  The  pulse  is  more  rapid,  and  is  liable 
to  be  weak  and  compressible.  There  is  often  a  hemic  mur- 
mur of  the  heart  and  a  little  hypertrophy.  The  pulsation 
of  the  vessels  of  the  neck  is  noticeable.  There  is  much  pain 
in  the  sternum  and  chest,  with  a  feeling  of  weakness  of 
knees  and  legs.  The  patient  feels  sick.  There  is  much  diz- 
ziness, especially  on  sudden  changes  of  position,  noise  in 
the  ears,  and  frequent  headache.  The  mental  condition  is 
decidedly  depressed,  and  the  patient  is  quite  passive  to  his 
surroundings  and  appears  stupid.  Sometimes  the  patellar 
reflex  is  exaggerated,  but  more  often  it  is  diminished. 
There  is  susceptibility  to  cold,  and  tingling  of  the  feet, 
which  frequently  'go  to  sleep.'  The  muscles  are  flabl)y  and 
a  little  painful.  Joint  pains  are  so  common  that  a  diag- 
nosis of  rheumatism  is  often  made.  Work  is  undertaken 
with  great  effort.  The  hemoglobin  is  apt  to  be  between 
30  and  60  percent. 

"Marked  cases. — Here  the  patient  has  arrived  at  that 
stage  where  fatal  termination  may  occur  at  any  time.  The 
pallor  is  very  extreme.  Edema  of  the  feet  and  ankles 
alone,  or  sometimes  extreme  anasarca,  is  seen.  The  diges- 
tive disturbances  have  changed  in  character,  and  appetite 
is  often  nil — often  enormous.  Some  of  the  worst  forms  of 
geophagy  are  here  seen.     Nausea  and  vomiting  are  fre- 
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qiieut.  Ascites  is  liablo  to  apjx'ar  and  hecome  alarming. 
Diarrhea  may  alternate  with  constipation.  There  is  dis- 
tressing dyspnea  on  the  slightest  movement,  and  sometimes 
when  the  patient  is  perfectly  fjniet;  severe  palpitation  of 
the  heart;  precordial  pain;  rapid,  weak,  compressible 
pulse,  and  often  dilatation  of  the  heart.  Marked  pulsation 
of  the  vessels  of  the  neck  and  of  the  base  of  the  neck  may 
be  noticed  at  some  distance.  There  is  often  pulsation  of 
the  great  veins,  wdth  bruit-de-diable  of  the  jugulars.  Diz- 
ziness and  tinnitus  aui'ium  are  extreme.  There  is  much 
headache  and  insomnia.  The  patellar  reflex  is  abolished. 
In  men,  impotence  is  an  almost  invariable  symptom,  and 
amenorrhea  in  women.  The  intellect  is  much  dulled;  men- 
tal processes  are  slow,  and  the  patient  seems  confused  and 
stupid.  The  facial  expression  is  melancholic  and  anxious. 
Paresthesias  become  very  marked.  There  is  a  tendency  to 
dilatation  of  the  pupil,  and  blurred  vision  exists.  The  urine 
has  a  low  specific  gravity,  is  abundant  in  quantity,  and 
usually  contains  no  albumin.  The  muscles  are  flabby,  sore, 
and  painful.  Extreme  weakness,  even  to  the  simulation  of 
paralysis,  is  observed  and  the  itatient  is  incapacitated  for 
labor.  There  may  be  irregular  fever,  wnth  intervals  of  sub- 
normal temperature." 

Acute  hookworm  disease  may  occur  without  ]>revious  in 
fection,  or  an  acute  attack  may  supervene  on  a  chronic  in- 
fection. These  acute  attacks  occur  in  the  spring  and  sum- 
mer, and  their  sym]itoms  will  vary  with  the  intensity  of  the 
infection.  Tf  sufficient  infection  occurs,  there  will  l)e  di- 
gestive disturbances,  epigastric  pains,  ra]ud  anemia,  and 
generally  elevations  of  temperature  as  high  as  101°  or 
101  1/2°  F.  One  difference  to  be  noted  between  acute  and 
chronic  cases  is  that  in  the  acnte  the  patient  looks  waxy 
white,  w^ith  severe  anemia,  whereas  in  chronic  cases,  with 
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the  same  amount  of  anemia,  there  is  a  more  yellow  tinge 
("tallow  faced")  to  the  skin,  due  to  more  or  less  pigmenta- 
tion. Children  with  acute  hookworm  disease  have  not  the 
''pot  belly"  present  in  so  many  of  the  chronic  severe  cases. 

Symptoms  on  the  Part  of  Certain  Tissues  and  Organs. 

Blood. — Anemia  is  the  most  constant  symptom  of  hook- 
worm disease,  and  determines  the  severity  in  a  given  case. 
It  may  vary  from  the  slightest  degree  below  normal  to  a 
sufficient  degree  to  label  the  patient.  The  type  is  almost 
always  that  of  a  secondary  anemia  or  chlorosis.  The  hemo- 
globin ranges  from  8  percent  up,  according  to  the  severity 
of  the  case.  Most  of  the  cases  in  this  country  range  from 
normal  down  to  40  or  50  percent.  We  have  records  of  the 
hemoglobin  estimation  in  four  hundred  and  thirty-two 
cases  occurring  chiefly  in  Mississippi  and  Louisiana.  The 
lowest  is  15  percent,  and  several  records  of  very  mild  hook- 
worm carriers  are  95  and  even  100  percent.  The  average 
for  all  the  cases  is  67  2/3  percent.  It  must  be  understood, 
however,  that  the  number  includes  a  great  manv  verv  mild 
cases.  Ashford  and  King  found  in  five  hundred  and  seven- 
ty-nine cases  on  entrance  a  hemoglobin  percentage  of  9  to 
101  percent — average,  43.09  percent.  Soon  after  infection 
the  hemoglobin  falls  much  faster  than  the  number  of  red 
cells.  In  fact,  it  may  even  reach  a  pretty  low  figure  before 
they  begin  to  decline. 

The  number  of  red  cells  is  reduced  slowly  as  the  anemia 
develops,  but  most  severe  cases  have  3,000,000  to  5,000,000 
cells.  The  average  count  in  sixty  cases  reported  by  Ashford 
and  King  was  2,406,416.  We  have  made  a  blood  count  in 
forty-two  cases  and  obtained  an  average  of  3,459,246.  Forty 
university  students  found  to  be  hookworm  carriers  gave  an 
average  of  5,246,322.     The  cells  are  pale,  and  stippling  is 
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genci'nil}-  pi'csciit,  l)iil  to  no  .•;i'«';it  oxtcnt.  Normoblasts  are 
g-eneraliy  ))r('S(Mi1,  l>nt  iiu',i;aIolt lasts  ai-e  rare.  Poikiloey- 
tosis  and  polycliroiiiatoiiliilia  occur  as  tlie  anemia  increases, 
but  are  never  as  jnononnctMl  as  in  pernicious  anemia. 
Anisocytosis  is  in-esent,  as  in  all  tlie  severe  anemias. 

Thou,£i-h  tliis  secondary  type  of  anemia,  with  relatively 
low  hemog'lobin  percentage,  giving  rise  to  low  color  indices, 
is  what  is  generally  seen,  there  occur  a  few  cases  in  which 
the  nnmber  of  red  cells  is  reduced  as  much  as  or  more  than 
the  hemoglobin  ])ercentage,  giving  rise  to  color  indices 
souH'timcs  a])o\('  1.0.  AVe  hax'e  seen  an  index  of  l.*>5,  connt- 
iug  ■■),()()(), 000  red  cells  normal  and  eslimating  hemoglobin 
with  the  von  1^'leisclii  apparatus.  I'atients  with  this  type 
of  anemia  are  the  most  resistaut  t(»  ticatnieut,  and  often  re- 
main anemic  as  long  as  even  \'ery  small  numbers  of  worms 
remain.  In  fact,  they  sometimes  have  only  small  nnml)ers 
before  any  treatment  is  institntech  'J'hey  recover  very 
slowly,  but  usually  finally  get  entirely  well  after  expulsion 
of  all  their  worms. 

The  leucocytes  are  not  generally  increased.  Counts  of 
13,000  or  14,000  occasionally  occur.  We  saw  a  case  with  a 
history  of  recent  severe  ground  itch  in  whom  the  leucocyte 
count  went  as  high  as  19,400.  The  patient  had  fever  some- 
times as  high  as  101°,  and  no  cause  could  l)e  found,  except 
the  hookworm  disease.  We  have  records  of  the  leucocyte 
count  in  sixty-eight  cases  of  hookwoi-m  disease  of  various 
degrees,  the  average  of  which  is  8,746. 

The  differential  leucocyte  count  usually  shows  nothing 
abnormal,  except  as  regards  the  eosino|^hiles.  These  cells 
vary  in  number  considerably,  but  without  following  any 
known  fixed  law.  rjenerally,  theii"  ])ei'centage  is  increased. 
Leichtenstern  saw  a  remarkable  case  with  7-  percent.  The 
highest  we  have  seen  was  .34  ]HM'ceut.  Fifteen  to  25  percent 
are  ordinary  counts  for  our  severe  cases.     Though  most 
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cases  have  counts  above  normal,  a  few  have  a  normal  num- 
ber. The  eosinophile  percentage  often  is  not  in  proportion 
to  the  severity  of  the  disease.  In  very  severe  cases  the 
count  is  low — maybe  within  normal  limits — and  rises  after 
treatment  for  some  time,  and  then  again  comes  down  slow- 
ly. Very  few  patients  have  eosinophilia  when  they  die. 
The  eosinophilia  seems  to  depend  on  other  factors  than  the 
number  of  worms.  While  expulsion  of  all  worms  is  fol- 
lowed in  certain  instances  by  a  normal  eosinophile  count 
even  before  the  hemoglobin  has  reached  normal,  in  many 
it  is  several  months  before  normal  counts  are  ol)tained. 
The  eosinophile  counts  in  five  hundred  and  thirty-two  cases 
of  all  grades  seen  by  us  give  an  average  of  5.7  percent,  but 
nearly  half  of  them  were  of  the  very  mild  type,  nearly  all  of 
which  had  onlv  slight  increase  or  none  at  all.  It  is  to  be 
remembered  that  eosinophilia  occurs  in  a  variety  of  other 
diseases  besides  hookworm  disease,  which  detracts  from 
its  diagnostic  value.  It  is,  however,  present  sufficiently  fre- 
quently in  this  disease  to  indicate  an  examination  of  the 
feces  whenever  it  is  found.  When,  however,  no  increase  is 
found,  hookworm  disease  can  not  be  ruled  out.  An  increas- 
ing eosinophilia  after  treatment  would  be  of  favorable  prog- 
nostic value. 

Joint  pains. — The  observation  of  Leichteustern  that  joint 
pains  and  pains  in  the  bones  occur  is  confirmed  by  Ashford 
and  King,  who  say  that  pain,  especially  in  the  sternum,  is 
an  almost  universal  symptom. 

Skin — Ground  itch. — Synonyms:  Water  itch,  water  blis- 
ter, water  pox,  toe  itch,  dew  poison,  dew  crack,  mud  itch, 
''new  sump  bunches"  of  Cornish  miners,  sore  feet  of  coo- 
lies, "pani-ghao,"  "mazomorro"  (Porto  Eico). 

Ground  itch  varies  very  much  in  its  symptoms  with  the 
intensity  of  the  infection,  the  location,  and  the  secondary 
infection.     It  is  now  certain  that  it  is  caused  by  the  hook- 
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worm  larvfr,  Aviiicli  penetrate  the  skin.  Clande  A.  Smith 
produced  symi)U)ms  resembling  ground  itch  by  tlie  applica- 
tion of  an  alcoholic  extract  of  the  larvne  to  the  arm  of  a  pa- 
tient. This  ex})ei'imental  ground  itch  resembled  that 
caused  by  applying  the  larviL'  to  the  skin.  The  amount  of 
infection  may  vary,  of  course,  from  one  microscopic  larva 
to  several  thousand,  and  would  give  rise  to  quite  variable 
symptoms. 

Ground  itcli  is  a  collective  term,  and,  although  m  hook- 
worm countries  it  is  usually  due  to  the  larvae  of  those 
worms,  conditions  clinically  similar,  at  least  to  inexperi- 
enced persons,  may  be  due  to  other  causes.  Van  Durme 
and  Looss  have  shown  that  strongyloides  larva'  can  pene- 
trate the  skin  just  as  hookworm  larva'  do,  and  our  associate, 
Dr.  J.  C  Gage,  lias  confirmed  this.  From  the  experiments 
with  various  species  of  hookworm  larvie  in  different  ani 
mals  it  is  probable  that  various  nematode  larvji?  can  pene- 
trate the  skin  and  set  ui»  local  lesions,  but  not  develop  in 
the  body.  So  the  larva^  of  the  hookworms  of  dogs  and 
other  animals  may  possibly  cause  ground  itch.  Similar 
lesions  may  be  caused  by  ticks,  harvest  hugs,  sand  fleas, 
fly  larvjp,  and  other  insects. 

The  disease  is  most  likely  to  be  located  on  the  feet,  but 
the  hands  may  be  affected,  as  in  gardeners,  miners,  and 
others  whose  occu]iation  leads  them  to  handle  infected  earth 
and  mud,  or  in  children  from  playing  in  infected  sand  and 
mud. 

Tn  rural  districts,  where  hookworm  disease  is  most  preva- 
lent, little  children  often  wear  only  one  dress  or  shirt,  or  an 
apron.  Sometimes  children  in  their  "shirt  tail"  sit  down 
on  infected  mud  and  sand,  and  thus  get  infected  on  the  but 
toeks.  By  far  the  most  common  location  is  the  feet,  and 
between  and  l)eneath  the  toes.  This  is  l)ecause  infected 
imid  is  S(|ueezed  in  between  them,  and  is  more  likely  to  re- 
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main  until  the  larvae  liave  time  to  penetrate  the  skin.  The 
lesion  is  also  often  located  around  the  edge  of  the  soles  at 
the  juncture  of  the  thick  and  thin  skin.  It  is  not  so  com- 
mon on  the  dorsum  of  the  feet,  except  just  above  the  toes. 
The  soles  are  not  so  much  affected  as  other  parts.  The 
inner  side  of  the  sole,  where  there  is  little  pressure,  is  a 
favorite  location.  All  of  these  places,  it  will  be  noted,  are 
those  most  likely  to  get  mud  on  them  and  have  it  remain 
if  the  child  steps  in  it.  We  have  seen  the  eruption  involve 
the  legs  from  wading  in  infected  water  on  the  farm,  and  it 
sometimes  comes  around  the  ankles  when  muddy  water 
gets  over  the  shoetops.  A  few  minutes  after  infected 
mud  is  applied,  stinging  of  the  skin  occurs.  This  occurs 
so  promptly  that  little  boys  often  learn  what  kind  of 
places  they  get  ground  itch  from  and  avoid  them.  With- 
in a  few  hours  redness,  stinging,  and  itching  put  the 
victim  to  rubbing  and  scratching.  Many  a  country  boy 
has  cried  and  spent  restless  nights  with  his  ground  itch. 
The  cry  then  increases,  there  occurs  more  or  less  swelling, 
and  the  itching  is  more  intense.  The  desire  to  scratch  is 
irresistible  and  the  satisfaction  of  scratching  partially  re- 
pays for  the  unpleasantness  of  the  disease.  In  twenty-four 
to  thirty-six  hours  small  pinhead  sized  vesicles  appear, 
which,  according  to  the  amount  of  infection,  may  not  be 
numerous,  or  they  soon  become  confluent.  The  vesicles  are 
common  on  the  inner  surfaces  of  the  toes,  where  they  are  in 
contact.  The  macules  which  precede  the  vesicles  where 
the  infection  is  very  slight  are  larger  and  more  painful,  and 
itch  worse  on  the  soles  and  thick  skin.  The  vesicles  are 
more  likely  to  become  confluent  between  and  in  the  folds 
beneath  the  toes,  which  results  in  loosening  considerable 
skin.  It  is  tougher  here,  and  usually  comes  off  in  a  thick, 
heavy  layer  after  a  week  or  two,  leaving  the  tender  skin  be- 
neath.    Scratching  and  rubbing  often  break  the  small  vesi- 
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cles,  Mild  scabhiiii;'  (x.-cnrs,  but  usually  slowly  ou  account  of 
the  i'act  that  the  itchiui;-  continues  so  intense  tor  several 
days  that  scratching  can  hardly  be  avoided.  In  twenty- 
fonr  to  forty-eig'ht  hours  tlie  eruption  becomes  pustular,  due, 
no  (h)ubt,  to  secondarv  infection.  This  occurs  much  more  in 
certain  individuals  and  at  certain  times  than  otiiers,  doubt- 
less due  to  the  conditions  governing  pyogenic  infection  in 
general.  Examination  of  the  jnis  usually  shows  staphy- 
lococci. Bentley  found  an  ankylostoma  larva  in  a  vesicle. 
The  pustules  are  frequently  ruptured,  as  are  the  vesicles, 
and  leave  a  raw  surface,  w^itli  rather  profuse  sticky  exuda- 
tion. This  exudate  sticks  the  socks  or  bandages  to  the  foot, 
and  a  part  of  the  nndressing  performance  every  night  with 
little  lioys  so  affected  is  the  necessary  soaking  of  the  feet  to 
loosen  the  adherent  dressing.  Dcej)  ulcers  do  not  occur,  ex- 
cei)t  in  ihe  folds  beneath  and  between  tlie  toes,  where  they 
may  be  (h»e})  and  last  scvcial  weeks.  Beneath  the  toes  the 
deep  nlcers  or  cracks  are  kept  u]»  by  tlie  bending  of  the 
toes,  and  often  renuiin  after  all  other  traces  of  the  disease 
have  disap])eared.  The  toes  are  often  glued  tightly  to- 
gether by^  the  sticky  exudate,  and  where  it  remains  moist 
the  skin  is  white  and  often  loosened.  In  cases  where 
the  vesicles  are  not  i'u})tured,  or  where  they  are  rubbed 
off,  they  dry  u\)  in  about  five  days,  ami  in  about  eight 
or  ten  (hiys  exfoliation  and  healing  are  complete.  Ijittle 
evidence  of  the  lesion  now  leiuains,  except  l)etween  and 
beneath  the  toes,  where  the  skin  is  so  thick  that  it  is  not 
slied  so  rapidly.  Patients  often  trim  tliis  off,  and,  unless 
the  ulceration  is  especially  deep,  or  deey)  fissures  occur,  the 
healing  is  not  delayed  much  beyond  lliai  of  other  parts. 

In  vei'>'  iuleiise  infections,  as  in  ('laude  A.  Smitlrs  experi 
mental  case,  great  swelling  occurs  on  the  second  aud  third 
days.     The  lymj^liatic  glands  draining  the  part  are  often 
swollen  and  tender.     T^ooss  has  noted  red  lines  running  u]) 
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the  limb — probably  lympliaiigitis.  Tliere  is  local  fever  dur- 
ing tlie  height  of  the  iiiflamniatiou,  but  no  systemic  eleva- 
tion of  temijerature,  except  in  very  severe  cases.  When 
the  disease  is  located  on  the  feet,  the  diagnosis  is  usually 
easy.  In  fact,  nearly  any  country  boy,  or  mother,  or  father 
in  a  hookworm  country  knows  what  ground  itch  is  usually 
from  experience,  and  recognizes  it  on  sight.  When  located 
on  other  parts  of  the  bod}^,  the  differential  diagnosis  often 
can  not  be  made  from  other  diseases  causing  very  similar 
lesions.  The  history  of  exposure  and  the  course  of  the  dis- 
ease help  to  settle  the  diagnosis.  The  prompt  occurrence  of 
eosinophilia  in  most  cases  helps  to  strengthen  the  diagnosis. 
This  is  present  in  four  to  five  days  after  infection. 

The  color  of  the  skin  in  chronic  hookworm  disease  is  usu- 
ally pale,  with  a  yellow  tinge.  This  gives  rise  to  the  fre- 
quent description,  "tallow  faced."  In  acute  cases,  where 
the  anemia  rapidly  develops,  the  patient  is  paler  and  whiter. 
Exposure  to  the  sun  finally  hides  more  or  less  of  the 
anemia.  The  pallor  is  generally  in  proportion  to  the 
anemia,  but  this  is  not  always  a  true  guide.  Patients  with 
60  percent  hemoglobin  may  look  better  than  others  with 
90  percent.  In  negroes  the  skin  becomes  gray  or  ashen 
from  severe  anemia. 

The  skin  of  severe  hookworm  disease  is  often  wrinkled, 
so  as  to  give  the  patient  the  appearance  of  being  much  older 
than  he  is.  This  usually  fills  out  again  after  ^Droper  treat- 
ment. 

Liver.^ — No  change  in  this  organ  or  its  functions  can  be 
made  out  clinically. 

Spleen. — The  spleen  is  unchanged,  except  in  cases  com- 
plicated with  such  diseases  as  alter  it,  as  malaria,  leu- 
kemia, splenic  anemia,  etc. 

Respiratory  system. — During  the  few  days  (first  ten) 
after  an  attack  of  ground  itch,  if  the  infection  is  very  con- 
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siderable,  there  may  be  cough,  brouchitis,  and  sore  throat. 
Experiiiieiitally  there  occur  hemorrhages  into  the  lung- 
tissue,  and  it  is  not  impossible  that  there  may  be  secondary 
bacterial  infection  and  a  condition  resembling  pneumonia 
develop.  The  possibilities  are  illustrated  by  an  experiment 
done  by  Ashford  and  King.  They  applied  a  culture  of  un- 
cinaria  Americana  larvae  to  the  back  of  a  four-day  old 
guinea  pig.  In  three  days  the  animal  died.  Autopsy 
showed  one  lung  solid  with  blood  and  the  other  containing 
several  hemorrhagic  spots  or  blood  cysts,  many  of  which 
contained  uncinaria  larva?.  Such  instances  would,  of  course, 
not  be  diagnosed  as  hookworm  disease,  but  we  believe  the 
possibilities  are  sufficiently  great  to  warrant  consideration 
in  cases  of  ground  itch.  Examinations  of  the  sputum  might 
reveal  larvse.  If  the  blood  were  examined  at  such  times  by 
the  method  of  Stiiubli — dissolving  in  3-percent  acetic  acid 
and  centrifugating — the  larvse  might  be  recovered  from  it, 
as  have  trichime  by  Herrick  and  Jane  way.  It  is  not  clear 
from  Staubli's  (1908)  article  that  he  really  found  hook- 
worm larva). 

Dyspnea. — On  exertion,  dyspnea  is  one  of  the  most  promi- 
nent symj^toms  in  cases  with  hemoglobin  below  50  or  60  per- 
cent. It  often  has  existed  so  long  that  the  patient  looks  on 
it  as  normal  for  him  and  as  a  necessary  part  of  his  life. 
This  is  one  of  the  s}Tni3toms  that  reduces  the  patients'  work- 
ing capacity,  and  contributes  to  the  reputation  they  often 
have  of  being  lazy.  Edema  of  the  lungs  and  hydrothorax 
are  likely  to  be  present  in  the  severe  cases,  with  general 
edema.  Ashford  and  King  mention  a  "dry  cough"  in 
severe  cases.  This  may  be  due  to  edema  of  the  lungs  or 
hydrothorax. 

Circulatory  system. — Pulsation  of  the  neck  veins,  niucli 
increased  by  exertion,  is  frecpiently  present  in  all  severe 
cases  of  hookworm  disease.     The  heart,  on   inspection  in 
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severe  cases,  shows  a  wide  area  of  cardiac  impulse,  such  as 
is  seen  in  dilatation  from  any  other  cause.  Pulsation  in  the 
epigastrium  is  a  prominent  symptom,  and  often  this  and  the 
extensive  cardiac  impulse  attract  the  attention  of  the 
patient.  These  symptoms  are  very  much  increased  by  ex- 
ertion, as  are  also  the  pulsations  in  the  neck.  On  palpation 
the  heaving,  easily  seen  impulses  are  found  to  be  weak.  On 
percussion  the  area  of  cardiac  dullness  is  increased  to  the 
left,  but  not  much  downward.  There  often  is  right-sided 
enlargement.  Eelative  cardiac  dullness  in  many  cases  ex- 
tends to  the  left  of  the  nipple  line  and  far  to  the  right  of 
the  sternum. 

Auscultation  generally  reveals,  in  cases  with  hemoglobin 
below  50  or  60  percent,  a  hemic  murmur,  best  heard  in  the 
left  third  interspace,  but  frequently  heard  all  over  and 
sometimes  beyond  the  cardiac  area. 

The  pulse  in  mild  cases  is  little  changed,  but  in  the 
severer  ones  is  weak  and  dicrotic,  irregular,  and  compress- 
ible in  the  severest  cases,  and  in  the  latter  it  is  rapid, 
thready,  and  intermittent.  The  frequency  increases  with 
the  severity  of  the  disease,  but  often  is  marked  in  mild 
cases.  The  following  is  the  pulse  rate  of  twenty  selected 
uncomplicated  representative  cases  from  Mississij^pi  and 
Louisiana,  between  the  ages  of  15  and  25,  and  we  believe 
represents  the  average  in  hookworm  patients  in  this  country 
who  are  sick  enough  to  consult  a  physician:  84,  84,  89,  96, 
98,  99,  110,  113,  114,  114,  124,  128,  128,  129,  132,  133,  141, 
142, 146,  and  148.  The  average  of  the  twenty  cases  is  117.6. 
The  blood  pressure  averages  below  normal,  and  usually  goes 
lower  as  the  severitv  of  the  disease  increases.  In  two  of 
our  cases  albuminuria  and  nephritis  were  present,  and  the 
blood  pressure  by  the  Riva  Roci  instrument,  with  two-and 
one-half-inch  l)and,  was  145  and  163.  Twelve  cases  of 
average  uncomplicated  hookworm  disease  over  15  years  old 
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seen  ))y  ns  liad  an  average  blood  j)ressnre  by  this  instru- 
ment and  in  the  sitting  posture  of  110.  They  were  in  de- 
tail, 89,  i)3,  JM,  •)!»,  1U4,  lUG,  lU'J,  117,  124,  12G,  127,  and  132. 

Dig^estive  system. — The  symptoms  relative  to  the  diges- 
tive system  will  necessarily  vary  nuich  on  account  of  the 
very  great  variation  of  the  amount  of  the  infection.  In 
severe  cases  the  tongue  is  pale,  coated,  and  often  indented, 
and  occasionally  shows  purple  lines  on  either  side  of  the 
median  line,  probably  due  to  dilation  of  the  veins.  Pig- 
mented spots  on  the  tongue  have  been  noted  in  dark-skinned 
I'aces.  It  is  possible  that  these  may  be  caused  by  larva; 
penetrating  the  mucous  membrane  after  they  have  come  up 
from  tlie  lungs.  The  shedding  of  the  first  teeth  and  erup- 
tion of  the  permanent  set  is  delayed  sometimes  one,  two,  and 
three  years,  according  to  the  severity  and  duration  of  the 
disease.  The  teeth  keep  up,  however,  joretty  well  with  the 
development  of  other  parts  of  the  anatomy. 

Following  a  severe  attack  of  ground  itch,  sore  throat 
usually  occurs  in  a  few  days.  Claude  A.  Smith  noticed  this 
in  one  of  his  experimental  cases  in  eight  days.  After  this 
the  patient  begins  to  com])lain  of  pain,  uneasiness  and  dis- 
comfort in  the  epigastrium,  due,  no  doubt,  to  the  trauma- 
tism a]id  ii'ritation  of  the  gastric  and  intestinal  mucosa. 
I'lie  young  larva^  i)enetrate  the  nmeous  membrane  and  pi'o- 
duce  considerable  Idood-cyst  formation.  If  any  difference, 
the  right  u])])ei'  (|ua<h'aui  of  tlu;  abdomen  is  the  seat  of 
most  of  tlie  trouble.  There  may  be  tenderness,  especially 
in  this  region  and  in  the  epigastrium.  liutz  believed  this 
was  definitely  connected  with  hookworm  infection  of  the  in- 
testine. We  have  been  impressed  with  the  relation  between 
epigastric  uneasiness  and  pain  and  hookworm  disease.  Dr. 
J.  B.  Elliott,  Sr.,  formerly  ]n"ofessor  of  theory  and  ])rac- 
tice  of  medicine  in  Tulane  University,  was  one  of  the  first 
in  this  country  to  recognize  the  influence  of  mild  hookworm 
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infection  in  producing  epigastric  pain  and  discomfort,  usu- 
ally of  a  vague  and  indefinite  descri23tion.  Several  years 
ago  lie  learned  that  a  few  such  cases  in  which  he  could  find 
no  explanation  for  the  symptoms  were  hookworm  carriers. 
Often  they  had  very  few  worms.  He  was  in  the  habit  of 
having  them  examined,  and  the  accuracy  with  which  he 
recognized  these  cases  was  in  keeijing  with  the  character- 
istic keenness  of  which  he  was  known  to  be  possessed  by 
all  who  had  the  good  fortune  to  know  him. 

The  following  cases,  reported  by  one  of  us  (Bass,  1909), 
illustrate  this  point: 

Case  1. — J.  B.,  aged  39,  male,  white,  merchant,  was  well 
developed  and  looked  fairly  well;  had  never  had  ground 
itch;  lived  in  town.  He  had  had  vague  pains  in  the  right 
side  of  abdomen  as  long  as  he  could  remember;  said  he  was 
nervous  and  had  "indigestion."  Pains  were  not  related  to 
the  time  of  eating.  Physical  examination  failed  to  reveal 
anything  abnormal.  There  were  a  few  eggs  in  the  stools; 
fourteen  worms  were  recovered.  The  patient  recovered  en- 
tirely and  gained  nine  pounds  in  nine  weeks. 

Case  2. — L.,  aged  61,  white,  farmer's  wife,  had  had  no 
ground  itch.  The  negroes  on  the  i)lantation  had  it.  The 
patient  had  had  pains  in  the  right  side  and  uneasiness  in 
the  abdomen  for  the  past  six  years,  not  related  to  meals; 
tenderness  was  not  present.  Physical  examination  showed 
nothing  abnormal.  There  were  a  few  eggs  in  the  stools;  no 
anemia.  The  patient  recovered  on  treatment  with  thymol. 
Eight  months  later  she  was  still  well. 

Case  3. — Paul  H.,  aged  42,  male,  white,  lawyer,  com- 
plained of  indigestion  and  frequent  headaches.  He  had 
tenderness  in  the  right  side  of  the  abdomen.  There  were  a 
few  eggs  in  the  stools.  The  patient  was  relieved  of  indiges- 
tion and  headaches  after  the  first  course  of  thymol. 

Ashford  and  King  say  that  epigastric  pain  and  tenderness 
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are  the  most,  constinit^  most  sii^^'.-^'AstlA-c  and  most  elearly 
marked  of  all  the  symjjtoms  of  the  dige^'^tive  tract.  We  do 
not  believe  that  tliis  is  true  of  the  type  of  tlie  disease  most 
prevalent  in  this  country,  but  we  have  noted  it  in  many  of 
our  eases.  AVe  are  also  quite  contident  that  it  is  a  more 
common  symptom  in  adults  than  in  children,  and,  further, 
that  a  small  number  of  worms  may  produce  it.  If  such  dis- 
comfort and  mild  epigastric  pain  were  not  so  often  observed 
in  other  conditions,  it  would  be  a  more  serviceable  diag- 
nostic S3  mptom. 

The  ax)petite  is  increased  in  most  mild  and  medium  severe 
cases,  but  anorexia  is  frequent  in  the  severest  cases.  Per- 
versions of  appetite  are  comtuou,  even  in  mild  cases.  All 
sorts  of  unnatural  things  are  eaten,  such  as  earth,  paper, 
slate  pencils,  lead  pencils,  coffee  "grounds,"  ashes,  feath- 
ers, hair,  charcoal,  unripe  fruit,  etc.  We  know  of  a  woman 
with  hookworms  and  a  history  of  ground  itch  who  de- 
veloped such  a  craving  for  laundry  starch  that  she  ate  a 
pound  and  a  half  a  day.  After  keeping  that  up  for  some 
months  she  showed  symptoms  of  pellagra.  (Case  to  be  re- 
ported by  Dr.  Bass.)  Many  have  an  abnormal  appetite 
for  jDickles,  lemons,  salt,  etc.,  and  resin  chewing  is  common 
among  those  living  in  the  "piney  woods"  section.  Many 
chew  hickory  or  other  bitter  bark.  Butterworth's  case  of 
hairball  in  the  stomach,  already  referred  to,  illustrates  the 
extremes  to  which  this  unnatural  appetite  may  go.  Dirt 
or  clay  eating  is  common,  and  the  worst  cases  in  an  in- 
fected localitv  are  called  bv  the  natives  "dirt  eaters"  or 
"clay  eaters."  The  anemia  is  supposed  to  be  due  to  dirt 
or  "trash"  eating,  and  parents  often  accuse  their  children, 
and  often  whip  them  in  spite  of  their  denial.  They  think 
the  anemia  is  sufficient  evidence  of  their  guilt. 

With  the  laity  in  hookworm  sections  and  others  the  belief 
is  pretty  common  that  eating  dirt  and  "trash,"  including 
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various  kinds  of  candy  and  sweets,  and  unripe  or  spoiled 
fruit,  is  a  source  of  worms,  and  hookworm  families  are  gen- 
erally believed  to  be  "wormy,"  usually  meaning  they  have 
ascaris  infection. 

We  recall  an  instance  of  an  anemic  family,  due,  as  we  now 
know,  to  hookworm  disease,  in  which  many  different  reme- 
dies were  tried  to  break  the  children  from  eating  dirt  from 
the  clay  of  the  stick-and-dirt  chimney.  One  of  the  remedies 
tried  was  to  sprinkle  urine  on  the  chimney,  but  the  final  suc- 
cessful one,  so  far  as  that  chimney  was  concerned,  was  rub- 
bing over  the  chimney  in  the  presence  of  the  children  a 
large  rattlesnake  that  had  been  killed  on  the  place.  The 
fear  of  snakes  was  sufficient  to  cure  them.  These  children 
were  among  the  most  inordinate  resin  chewers,  and  finally 
all  took  to  chewing  tobacco.  Chewing  tobacco  is  encour- 
aged by  this  unnatural  appetite,  and  we  believe  this  partly 
explains  the  very  extensive  use  of  the  weed  among  hook- 
worm people.  Boys  who  do  not  grow  well  are  often  advised 
by  their  physician  or  some  one  else  to  begin  chewing  to- 
bacco. They  do  often  begin  to  grow  at  this  time,  and  we 
have  heard  many  a  man  or  boy  say  he  never  took  a  start  to 
grow  until  he  began  to  chew  tobacco.  There  is  no  constant 
beneficial  result,  for  we  have  seen  many  of  these  tobacco 
chewers  who  had  practiced  the  habit  for  many  years 
and  still  had  not  "taken  a  start  to  grow."  The  reason 
many  of  them  begin  to  grow  after  they  begin  chewing 
tobacco  is,  no  doubt,  that  many  of  them  at  about  the  same 
time  begin  to  wear  shoes  or  otherwise  reduce  reinfection. 
It  may,  however,  be  possible  that  the  tobacco  juice  swal- 
lowed kills  or  injures  the  worms.  It  has  been  our  observa- 
tion that  when  dirt  is  eaten  in  a  country  having  red  clay  soil, 
this  is  generally  selected,  and  children  often  get  the  habit  of 
picking  and  eating  from  the  stick-and-dirt  chimneys  used 
by  the  poorer  class.     They  seem  to  prof  or  the  very  dry  clay. 
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and  we  knew  one  negro  woman  who  would  Iiake  her  clay  in 
the  stove.  She  often  made  it  up  like  bread  and  l)aked 
several  days'  suiti)ly  at  a  time.  Half  an  ouncc^  oi-  an  ounce 
at  a  time  was  often  used.  She  liked  to  put  a  small 
piece  in  her  mouth  and  suck  on  it  for  several  minutes  at  a 
time.  When  asked  wliy  she  ate  it  she  said,  "I  just  craves 
it."  Others  pick  up  little  soft  ])ebbles  and  suck  on  them. 
In  one  instance  a  lli-year  old  anemic-looking'  boy,  wliom  we 
would  now  recognize  as  a  liookworm  i)atient,  became  \-cry 
ill,  and  was  given  a  glycerine  enema.  He  ex])encd  iri  a  few 
minutes  several  ounces,  consisting  chiefly  of  pebbles,  wliidi 
he  then  admitted  lie  had  been  eating  for  over  two  years. 
If  earth  were  the  only  substance  eaten,  the  opinion  that  this 
symptom  is  dne  to  an  instinctive  effort  to  supply  iron  and 
manganese  with  whicli  to  Imild  n];  hemoglo1)in  might  he 
admitted  to  have  some  basis.  Other  substances  are  se- 
lected often  when  clay  is  Just  as  available.  We  saw  a 
severe  case  in  a  i^ii'l  wliose  father  had  tried  in  vain  in  evei'v 
wav  ]>ossible  to  break  her  from  eating  coffee  grounds 
thi'own  out  the  window.  She  would  often  steal  the 
"gronn<]s"  fi-om  the  ])ot  if  it  was  not  put  out  of  her 
reach  after  the  coffee  was  drained  off,  tliougli  she  did  not 
drink  cotfee.  The  haliit  was  cured  in  a  short  time  by 
thymol  administration,  which  I'csnlted  in  the  expulsion  of 
several  hundred  hookworms.  While  many  ])atients  with 
hookworm  disease  have  the  capricious  a])i)etite  and  the 
habit  of  geoi)hagy,  there  are  many  even  severe  cases  that 
never  take  up  such  habits.  It  is  seldom  that  a  child  or 
adult  gnilty  of  the  habit  will  acknowledge  it,  due,  no  doubt, 
to  fear  of  chastiseiuent  or  to  shame, 

A  good  deal  of  work  has  been  done  on  tlie  gasti'ic  secre- 
tions by  Ja]>anese  investigators.  Yoshida  (190S)  gives  re- 
sults in  101  Formosjms  and  Chinese,  com] taring  them  with 
those  in  people  on  similar  diet,  and  finds  that  in  ankylos- 
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tomiasis  the  total  acidity  is  most  often  normal,  hyperacidity 
rare,  and  subacidity  still  rarer.  Free  HCl  is  usually  nor- 
mal, and  subacidity  more  frequent  than  hyperacidity.  No 
exact  relations  between  anemia  and  HCl  could  be  made  out, 
but,  with  some  exceptions,  the  more  intense  the  anemia  the 
lower  the  free  HCl.  In  the  cases  examined  there  was  a  re- 
lation between  appetite  and  free  HCl  in  the  stomach  con- 
tents. 

Diarrhea  occurs  in  the  first  few  weeks  of  an  acute  infec- 
tion in  many  instances,  but  is  not  a  symptom  of  chronic 
hookworm  disease,  except  in  very  severe  cases,  in  which  it 
is  not  uncommon.  Constipation  is  often  present,  but  we 
doubt  if  it  is  inore  than  an  accidental  symptom.  Children 
under  the  a^e  of  puberty  are  often  "pot  bellied"  when  they 
have  the  chronic  severe  type.  This  is  due  to  dilatation  of 
the  stomach  and  intestines  chiefly,  and  partly  to  excessive 
mesenteric  fat.  Only  children  with  chronic  infections  have 
this  symptom. 

McGehee  has  reported  a  case  in  wliich  hookworms,  but 
no  ova,  were  found  in  an  appendix  vermiformis,  the  seat  of 
a  catarrhal  inflammation. 

The  feces  contain  the  ova,  which  have  been  more  fully 
described  in  the  chapter  on  Diagnosis.  They  also  contain 
minute  traces  of  blood,  which,  however,  can  not  be  made  out 
macroscopically  or  microscopically,  except  in  the  severest 
cases.  Even  the  mild  cases  will  usually  give  a  positive  reac- 
tion for  occult  blood  in  the  feces,  provided  a  very  delicate 
test  for  blood  is  made,  such  as  Acller's  benzidin  test.  A  con- 
venient way  of  performing-  this  test  is  to  add  to  a  few  (5  to 
10)  cubic  centimeters  of  liquefied  feces  1  or  2  cubic  centi- 
meters of  glacial  acute  acid  and  5  to  10  cubic  centimeters 
of  sulphuric  ether.  Mix  without  shaking,  then  pour  oiT  the 
supernatant  ether  and  test  it  by  adding  a  few  drops  of 
strong  hot  alcoholic  solution  of  benzidin  and  1  or  2  cubic 
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centimeters  of  peroxide  of  liydrogeii.  In  the  presence  of 
blood,  even  in  minnte  (jinnitities,  a  l)lne  color  will  ])roniptly 
follow. 

Genito-urinary  system. — The  genito-nrinary  organs  are 
delayed  in  their  development  in  proportion  to  the  general 
developmental  impairment.  Boys  develop  later,  accord- 
ingly to  the  severity  of  the  disease,  and  girls  begin  to  nien- 
strnate  later  than  normal — often  in  severe  cases  thi^  func- 
tion is  not  estal)lished  until  they  are  16  to  18  years  old. 
Amenorrhea  and  scanty  and  irregular  menstruation  are 
common.  There  are  instances  in  which  pregnancy  occurred 
before  menstruation  was  established.  In  girls  the  breasts 
share  the  general  retardation  in  development. 

The  quantity  of  urine  is  uninfluenced  until  the  very  severe 
degree  of  the  disease  is  reached,  when  the  reduction  is 
often  great  and  general  anasarca  supervenes.  Albumin  is 
often  present  in  small  amounts  in  ]^atients  with  hemoglobin 
below  50  or  60  percent,  and  often  in  the  very  severe  cases 
is  present  in  very  large  amounts.  We  ha\'e  seen  several 
times  from  40  to  50  and  60  percent  of  moist  albumin  by  the 
Purdy  ferrocyanide  test.  Casts  are  strikingly  absent,  but 
sometimes  may  be  seen  in  the  very  severe  cases.  AVe  have 
seen  a  case  with  60  percent  of  albumin  and  extreme  dr()]>sy 
in  which  no  casts  were  found  on  repeated  examinations. 
General  dro])sy  is  common  in  very  severe  and  almost  all 
fatal  cases,  and  often  is  extreme.  There  is  more  or  less 
])uffiness  of  the  loose  tissue  of  the  face,  feet,  and  legs  in  most 
cases  with  hemoglobin  below  50  percent.  When  hookworm 
patients  get  pregnant,  the  tendency  to  dropsy  is  very  much 
increased  by  the  disease,  and  in  severe  cases  the  swelling  is 
often  great.  Swelling  of  tlie  labia  is  especially  troublesome 
as  the  pregnancy  a])])i-oaches  term. 

Lactation  is  im]iaired  according  to  the  degree  of  anemia. 
IMothers  are  often  unable  to  i)roperly  nourish  their  children. 
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The  promiDtness  with  wliieh  this  function  improves  after 
treatment  is  striking — often  actually  faster  than  improve- 
ment of  the  anemia. 

Eyes. — The  eye  grounds  showed  changes  in  7  to  8  percent 
of  cases  examined  l)y  Lutz.  Menche  found  that  the  tem- 
poral half  of  the  visual  held  showed  obscurity.  Xeurore- 
tinitis  has  been  reported.  Xieden,  of  Bochum,  Westphalia, 
has  shown  that  patients  with  hookworm  often  have  retinal 
hemorrhages,  such  as  occur  in  pernicious  anemia.  They 
occur  esi^ecially  and  early  in  the  peripheral  parts  rather 
than  near  the  pa])illa  and  the  macula,  are  punctate,  often 
in  groups,  without  any  tendency  to  confluence.  Sometimes 
they  accompany  the  vessels  close  up  to  the  papilla.  In  long- 
standing and  severe  cases  there  are  larger  plaques  of  ex- 
travasation, with  radiating  edges.  Along  with  the  hemor- 
rhages are  the  usual  changes  of  anemia,  such  as  pallor  of 
the  retina,  jDorcelain-like  papilla,  tortuous  vessels,  often 
strongly  pulsating.  The  disturbances  of  vision  are  due 
rather  to  the  general  alterations  than  to  those  in  the  retina. 
Asthenopia,  paresis  of  the  internal  or  external  recti,  dip- 
lopia, vertigo,  nystagmus,  and  hemeralopia  (or  night  blind- 
ness) may  occur.  Concentric  contraction  of  the  visual 
fields  has  been  noted.  Nieden  and  others  look  on  the  retinal 
hemorrhages  as  evidence  of  toxic  processes.  Stiles  has 
called  attention  to  the  appearance  of  the  pupil,  lie  says: 
''If  the  patient  is  directed  to  stare  intently  into  the 
observer's  eyes,  there  will  be  noticed  a  symptom  which  it 
is  difficult  to  describe,  but  which  I  have  found  more  constant 
than  almost  any  other  noticed — namely,  after  a  moment, 
the  lenglh  of  time  apparently  varying  slightly  according 
to  the  degree  of  the  disease,  the  pupils  dilate  and  the 
patient's  eyes  assume  n  dull,  blank,  almost  fish-like  or 
cadaveric  stare,  very  similar  to  that  noticed  in  cases  of 
extreme  alcoholic  intoxication."     Ashford  and  King  found 
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<lilntnl)iljty  of  tlic  i>ii])il  iioliccaMo  in  tlicii'  Poi-to  liico  cases. 
A\'('  have  often  noticed  that  tlic  jaipil  dilates  readily,  and 
usnally  remains  wide,  e\'eii  in  the  presence  of  considerable 
light,  Init  this  is  a  coninion  symptom  of  all  severe  anemias. 

Nervous  system. — Nerx-ons  and  mental  symptoms  of 
various  kinds  are  not  infrerpiently  present  in  hookworm 
patients,  and  sometimes  cause  great  diagnostic  difficnlty. 
There  are  few,  if  any,  nci-xoiis  symptoms,  however,  tliat  can 
not  be  ascribed  to  the  anemia.  There  is  a  general  benumb 
ing  of  the  meidal  faculties  in  acute  cases,  but  the  chi'onic 
hookworm  child  is  genei'ally  well  np  in  mentality  with 
others  of  his  size  and  \igoi\  bnt  nsnall_\'  not  erpuil  to  those 
of  his  age.  In  the  acnte  and  very  severe  form  the  disease 
produces  often  melancholia,  liyjHichondriasis,  and  a  careless 
expression.  Insomnia  and  night  teri'ors  are  very  common, 
due,  no  donl)t,  to  feeding  and  mo\ing  abont  by  the  woi-jus, 
which  the  nervous  system  feels  moi'e  when  the  jtatient  is 
]>erfectl\'  (jniet,  as  in  slee]>,  than  when  active.  Somnolence, 
on  the  othei'  hand,  often  occurs,  and  the  ])atient  keeps  awake 
in  day  time  with  difficnlty.  Lack  of  ambition  is  noticeable, 
and  has  given  rise  to  the  idea  that  the  ])atient  is  lazy. 
Jlookworm  patients  do  not  work  as  much  or  as  well  as  those 
not  infected,  but  it  is  becanse  tliey  are  sick  and  not  t)ecause 
they  are  lazy.  Tn  the  last  few  years  a  gi'oat  deal  has  been 
said  in  the  newspai)ers  jokingly  abcuit  the  'Mazy  disease.'' 
and,  if  the  same  amoinit  of  pnblication  had  been  devoted  to 
dissemination  of  knowledge  of  the  sources  and  the  preven- 
tion of  the  disease,  there  is  no  donbt  that  it  wonld  be  less 
prevalent  today. 

Signorelli  (1909)  I'eports  some  interesting  cases.  Tn  one, 
a  boy  of  10,  with  mild  aru'inia.  had  a  meningeal  syndrome, 
with  headache,  x-(uniting,  uenronuiscnlai"  liyi)eresthesia, 
cervical  rigidity,  Keriiig's  sign,  etc..  cnred  by  thymol.  A 
girl  of  17,  with  neuralgia,  especially  crural,  anesthesia,  and 
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paresthesia,  was  quickly  cured  by  thymol  after  the  blood 
count  showed  30  percent  of  eosinophiles  and  the  anamnesis 
revealed  previous  residence  in  Brazil.  In  another  case,  a 
woman  of  23,  vasomotor  disturbances  and  epileptiform  con- 
vulsions were  equally  amenable  to  specific  treatment  with 
thymol.  Signorelli  emphasizes  the  tendency  of  hookworm, 
like  the  malarial  parasite,  to  cause  vasomotor  abnormalities. 

Austregesilo  and  Gotuzzo  (Rio  de  Janeiro,  1909)  call  at- 
tention to  the  possibility  of  severe  psychic  alterations  in 
ankylostomiasis.  They  report  the  case  of  a  man  of  26,  free 
from  history  of  alcohol  or  syphilis,  who  became  apathetic 
and  melancholic,  later  complained  of  severe  and  continued 
pain  in  head  and  abdomen,  and  of  dyspnea  and  fatigue  on 
exertion,  and  finally  had  delusions  of  poisoning.  Severe 
anemia  with  eosinophilia  led  to  th^Tnol  treatment  and  to 
complete  recovery.  In  another  case  there  were  many  evi- 
dences of  psychic  degeneration,  with  loss  of  memory,  re- 
ligious hallucinations,  and  delirium  of  grandeur.  Anemia 
and  18  percent  of  eosinophiles  suggested  thymol  treatment, 
and  complete  recovery  followed.  In  another,  with  hemo- 
globin 35  percent,  red  blood  corpuscles  3,100,000,  and  eosino- 
philes 16,  there  was  complete  loss  of  sense  of  time  and  place. 
Later,  the  condition  described  by  Oppenheim  as  ''Witzel- 
sucht"  developed.  The  patient  was  ironic  and  sarcastic, 
ridiculed  everything  and  everybody.  Improvement  of  the 
ankylostomiasis  coincided  with  that  of  the  mental  condition, 
and  finally  both  were  cured. 

MacDonald,  in  Australia  (1908),  has  seen  various  perver- 
sions besides  dirt  eating  among  hookworm  patients,  espe- 
cially children,  mentioning  disobedience,  profanity,  lying, 
stealing,  drinking,  forging,  and  sexual  perversions.  These, 
of  course,  are  not  rare  manifestations  without  hookworm, 
but  the  important  thing  is  that  in  the  cases  reported  re- 
covery followed   cure  of  the   hookworms.     The   youngest 
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jjatieiit  was  only  <s  moiitlis  old.  Allan  lias  calkMl  attratioii 
to  the  t're<iiieiit  association  of  iieurastlienia  and  liookwoi'iii. 
as  might  be  expected.  It  would  l)e  iiitei-esting  to  make 
ol)servations  on  the  [)sychic  reactions  of  such  cases  of 
various  degrees  of  severity.  Perlia]>s  some  of  the  exuber- 
ant lawlessness  of  hookworm  regions  may  be  due  to  tlie  lack 
of  control  caused  by  the  infection. 

Sodre,  and  also  Anstregesilo  and  (Jotuzzo.  suggest  tlial 
the  paroi'exia  of  hookworm  infection  is  an  evi(h'n<'e  of  the 
altered  mental  condition,  rather  than  ihe  direct  I'esult  of  the 
disease  in  the  intestinal  tract. 

Finally,  we  want  to  emphasize  the  fact  that  hookworm 
disease  is  likely  to  have  associated  with  it  other  diseases, 
and  the  symptoms  of  eacli  be  altei'ed  b\-  the  other.  All 
sjTiiptoms  ]ii-esented  by  a  hookwoi  in  patient  must  not  neces- 
sarily be  atti-ibnted  to  this  disease.  ( )n  the  other  hand,  a 
part  of  the  s>ni])loins  in  cases  having  otliei-  diseases  may  lie 
due  to  hookworm  disease. 


CHAPTER  VII. 

DIAGNOSIS. 

"Tlie  secret  of  the  diagnosis  of  ankylostomiasis,  like  that 
of  many  other  diseases,  is  to  suspect  its  presence." 
(Manson.) 

An  absolntelv  certain  diagnosis  of  hookworm  infection 
can  not  be  made  without  finding  the  eggs  or  worms  in  the 
feces.  It  is  possible,  however,  to  diagnose  it  symptomatic- 
ally  with  reasonable  certainty  in  most  cases  showing  well- 
marked  symptoms,  provided  this  disease  is  kept  in  mind. 
The  combination  of  the  characteristic  anemia  associated 
with  underdevelopment,  weakness,  dilated  heart,  and  a 
history  of  ground  itch  is  not  likely  to  be  confounded  with 
anything  else.  We  can  not  emphasize  too  forcibly  the  im- 
portance of  this  history  of  ground  itch,  or  "toe  itch,"  with- 
in the  preceding  years.  In  all  patients  from  warm  climates 
presenting  anemia  and  impaired  development  without 
obvious  cause  this  should  be  inquired  for.  Whenever  a 
history  of  toe  itch  is  obtained,  nothing  short  of  thorough 
examination  of  the  feces  for  eggs  permits  elimination  of 
hookworm  from  the  diagnosis. 

A  history  of  ground  itch,  or  hookworm  disease,  affecting 
other  members  of  an  individual's  family,  or  those  living  on 
the  same  plantation  or  in  the  same  surroundings,  usually 
indicates  that  the -patient  is  also  infected,  though  he  never 
had  ground  itch  himself. 

The  history  of  going  barefoot  during  the  summer  in  a 
locality  known  to  be  infected  usually  means  that  the  pa- 
tient is  infected,  though  he  has  not  had  a  definite  attack  of 
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ground  itch.     So  few  larva?  may  outer  the  skin  ;it  a  time  as 
not  to  produce  recognizable  or  characteristic  lesions. 

In  infected  localities,  as  Tenholt  found  among  miners 
in  infected  mines,  and  Stiles  in  liis  journeys  through  the 
southern  United  States,  the  diagnosis  of  hookworm  disease 
can  often  be  made  l)y  inspection,  and  will  turn  out  to  be  cor- 
rect in  the  majority  of  cases.  Tii  such  places,  where  time 
for  examination  is  shoi-t,  treatmeul  may  be  carried  out  on 
the  ground  of  the  symptomatic  diagnosis  and  the  accurate 
diagnosis  made  by  examining  the  stools  for  worms  after- 
ward. Tlie  diagnosis  of  cases  can  be  made  almost  as  ac- 
curately from  the  great  improvement  after  thymol  treat- 
ment. This  sort  of  diagnosis,  however,  can  not  be  looked 
on  as  satisfactory  or  scientific,  nor  will  it  discover  the  im 
portant  class  of  hookworm  carriers. 

Though  the  diagnosis  may  be  indicated  by  the  history  and 
symptoms  present  in  all  well-marked  cases  of  hookworm 
disease,  these  fail  in  a  large  number  of  cases  that  have  not 
obvious  symptoms,  either  because  of  small  numlier  of 
worms,  or  ])ecause  of  more  or  less  immunity  to  the  effects 
of  the  worms.  The  most  practical  and  satisfactory  way 
of  arriving  at  a  certain  diagnosis  is  by  examining  the  feces 
for  ova  of  the  ]iai'asite.  These  are  characteristic,  easily 
recognized,  and,  when  worms  are  present  in  sufficient  num- 
bers and  undei-  such  conditions  as  to  cause  symptoms,  are  so 
easily  found  that  llio  diagnosis  becomes  one  of  the  most 
simple  procedures  in  the  practice  of  medicine,  provided  one 
is  equipped  with  a  microscope  and  proper  knowledge  and 
experience,  which  can  be  easily  acquired.  The  microscopic 
examination  of  feces  is  of  so  much  itiqxu'iance  in  diagnosis 
that  we  l)elieve  a  complete  descri]>tion  of  every  detail  is 
warranted,  including  descriptions  of  the  many  iliiugs  likely 
to  be  mistaken  for  or  confused  with  hookworm  eggs. 
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Obtaining-  Specimens  for  Examination. 

The  quantity  of  feces  needed  for  a  microscopic  examina- 
tion, even  when  the  most  comprehensive  examination  de- 
scribed on  pages  171  to  177  is  to  be  made,  need  not  exceed 
two  or  three  drams  at  most.  Unless  instructed  on  this  point, 
the  patient  will  often  bring  or  send  large  quantities  or  the 
whole  stool  in  fruit  jars,  large  pickle  jars,  etc.  Large  ves- 
sels of  feces  are  much  more  exposed  to  accidents — such  as 
breaking  or  spilling,  especially  when  the  feces  are  liquid — 
than  smaller  ones.  More  malodorous  gases  are  given  off 
from  a  large  amount  of  feces  than  from,  say,  one-twentieth 
of  this  quantity.  The  opening  up  and  handling  of  a  small 
quantity  of  feces  in  tlie  laboratory  or  office  is  not  nearly  so 
unpleasant  as  handling  a  much  larger  quantity.  It  is  not 
sufficient  to  tell  the  patient  to  bring  only  a  small  quantity. 
This  point  must  be  impressed  on  him  when  requesting  him 
to  bring  the  specimen.  He  sliould  be  told  to  bring  only  a 
small  quantity  of  the  actual  feces,  and  the  physician  should 
make  this  more  certain  by  furnishing  him  with  a  suitable 
receptacle  in  which  to  bring  or  send  the  specimen,  and  when 
it  is  given  him  to  explain  that  he  wants  only  a  small  quan- 
tity in  it  and  not  to  fill  it  full.  Vaseline  bottles,  two-dram 
quinine  bottles,  or  other  low  form  wide-mouth  bottles  serve 
the  purpose  well.  One  who  expects  to  have  many  specimens 
of  feces  brought  to  him  by  his  patients  should  provide  him- 
self with  a  proper  supply  of  two-ounce  wide-mouth  bottles 
with  corks.  They  are  also  appropriate  for  sputum  bottles. 
These  should  never  be  used  a  second  time.  Wide-mouth 
bottles  also  have  a  gi-cat  advantage  in  permitting  feces  to 
be  put  in  and  taken  out  of  them.  Moreover,  when  feces  are 
put  in  a  narrow-mouth  bottle,  they  usually  lodge  partly  in 
the  neck,  and,  after  the  stopper  is  put  in,  gases  form  which 
often  blow  out  the  cork  and  feces,  soiling  anything  or  any- 
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body  near  l)y.  When  bottles  are  entirely  tilled  with  feces, 
especially  if  li(iiiid,  the  stopper  is  very  likely  to  be  blown 
out  when  the  package  is  unwrapped,  if  not  before.  If  only 
partly  tilled,  tliis  is  not  so  likely  to  occur. 

Kind  of  Feces  to  be  Examined. 
Any  kind  of  a  stool  will  do  for  examinatioji,  but  there  are 
reasons  for  preferring  the  formed  feces  instead  of  liquid 
material.  These  reasons  are  that  tlie  i)rej>ai'ati<)U  ou  the 
microscope  slide  can  be  more  satisfactorily  made  with 
formed  feces;  that  liquid  feces  are  more  odorous  and 
more  likely  to  get  out  of  the  bottle  accidentally;  and 
that  eggs  sometimes  tend  to  settle  to  the  bottom  of 
a  liquid,  and  greater  care  is  therefore  necessary  in  mak- 
ing the  preparation  on  the  slide;  and  that,  if  the  speci- 
men is  very  liquid,  eggs  are  likely  to  jn-ecipitate  and  stick 
to  the  bottom  and  sides  of  the  bottle,  and  be  missed  when 
only  a  few  eggs  are  present,  in  spite  of  considerable  agita- 
tion. Pepper  has  called  attention  to  the  peculiarity  pos- 
sessed by  hookworm  eggs  of  sticking  to  the  slide  after  they 
have  once  settled  in  a  slide  preparatiou.  One  who  wishes  to 
thoroughly  familiarize  himself  with  examination  of  stools 
for  hookworm  eggs  should  try  this  for  himself.  Place  ou  a 
slide  some  sediment  from  centrifuging,  described  on  page 
173,  containing  hookworm  eggs.  Dip  or  invert  the  slide 
in  a  l)eaker  of  water  after  allowing  the  material  to  settle 
a  few  minutes.  Now  examine  the  slide  under  the  micro- 
scope, and  the  eggs  will  be  found  to  have  stuck  to  the  slide 
even  after  considerable  agitation,  1  hough  everything  else 
came  off. 

Making  the  Preparation  for  Microscopic  Examination. 

For  the  exaiuination  of  feces  the  oi'dinary  3-inch  slides 
are  too  small  for  the  most  satisfactory  manipulation.     We 
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prefer  2x3-incli  slides,  or  even  larger.  Photographic  nega- 
tive glasses  31/4x31/4,  SViX^Vi,  or  4x5  are  all  very  convenient, 
and  usually  easy  to  get.  The  ordinary  1x3  slides,  however, 
serve  the  purpose  well,  especially  if  a  mechanical  stage  is 
used. 

Put  in  the  center  of  a  slide  one  to  three  drops  of  water. 
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Fig.   45.      Diluted   feces  on  slii 


read,\'  fof  microscopic  examination. 


and  with  a  toothpick  take  up  a  quantity  of  feces  about  the 
size  of  a  match  head.  Stir  this  into  the  water  until  it  is 
about  as  cloudy  as  can  be  examined  well  with  the  micro- 
scope, spreading  out  the  diluted  feces  properly  over  the 
slide  at  the  same  time.  The  diluted  feces  should  not  come 
quite  to  the  edge  or  ends  of  the  slide  at  any  point,  as  they 
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would  tlieu  easily  run  off  on  the  Lands,  microscope,  etc. 
Tlie  preparation  should  cove!*  at  least  one-lialf  the  area  of 
the  slide  if  the  ordinary  1x3  slide  is  nsed.  (Fig.  45.)  The 
thickness  of  the  mixture  must  l)e  learned  l)y  experience,  but 
it  is  desirable  to  have  it  dilute  enough  to  allow  a  good  light 
to  be  had  and  a  clear  ontline  of  the  material  on  tlie  slide.  A 
preparation  that  allows  ordinary  print  to  be  read  through 
with  the  nnaided  eve  is  usuallv  not  too  thick.  It  is  not 
necessary  to  continue  stirring  tlie  feces  oft*  the  i)ick  after  the 
mixture  becomes  of  the  ji roper  consistency.  If  properly 
manipulated  so  as  to  rub  off  the  feces  gradually,  it  is  easy 
to  stop  at  any  })oint  desired  and  to  throw  away  any  excess  of 
feces  with  the  pick.  Ordinary  toothpicks  are  the  best 
things  we  have  ever  seen  for  making  such  preparations. 
They  have  been  used  for  a  long  time  for  this  and  similar 
puri30ses  by  many  laboratory  workers.  They  should  be  of 
good  quality  and  have  one  thin  fiat  end.  The  same  pick 
should  never  be  used  for  examining  another  specimen  on  ac- 
count of  the  possibility  of  carrying  eggs  from  one  to  the 
other.  Matches  or  othei'  such  pieces  of  wood  serve  the  pur- 
pose also,  but  not  so  well.  A  convenient  way  to  dispose  of 
the  soiled  picks  is  to  burn  the  used  end  over  a  tlame,  or  they 
may  be  dropped  into  the  bottle,  which  is  then  stoppered  so 
as  to  avoid  contamination  and  infection. 

Use  of  Cover  Glasses  Unnecessary. 

It  is  unnecessary  to  use  cover  glasses  in  examining  feces 
for  hookworm  or  most  other  parasite  eggs.  With  the  mag 
nification  generally  used  they  are  absolutely  unnecessary. 
It  is  usually  necessary  to  examine  preparations  larger  than 
the  regular  cover  glasses  and  sometimes  several  of  them. 
If  it  is  desired  to  study  a  specimen  with  high  powers  for 
some  special  purpose,  it  is  easy  to  place  a  cover  glass  over 
the  part  to  be  examined,  and  press  it  down  gently  to  thin  it 
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out.  Cover  glasses  are  also  necessary  if  a  great  deal  of 
time  is  to  be  spent  in  examining  a  given  slide,  to  prevent  tlie 
preparation  drying  ont  so  rapidly. 

Examine  Only  Wet  Preparations. 

Tlie  preparation  is  to  be  examined  wet.  As  soon  as  it 
dries  it  is  useless,  and,  if  this  happens  before  an  examina- 
tion is  completed,  more  water  is  to  be  added,  or  another 
preparation  should  be  made.  A  properly  made  preparation 
can  be  entirely  gone  over  with  the  low  power  lens  before  it 
dries  out  appreciably.  If  spread  out  too  thin,  it  will  dry 
much  more  rapidly.  Most  of  the  solid  particles,  including 
eggs,  if  present,  settle  on  the  surface  of  the  slide  soon 
after  it  is  i^repared,  and  are  then  found  about  in  the  same 
level  or  focus,  so  that  the  thicker  the  layer,  provided  it  does 
not  prevent  seeing  through  it,  the  more  concentrated  will  be 
the  objects  on  the  surface. 

Magnification. 

The  low  power  of  any  of  the  commonh'  used  microscopes 
is  to  be  employed.  The  2/3  objective  and  1-inch  eyepiece, 
or  the  16-millimeter  objective  and  corresponding  eyepiece, 
give  the  proper  magnification  of  about  100  diameters. 
Higher  magnification  is  undesirable  for  general  work  be- 
cause the  field  is  correspondingly  reduced,  and  therefore  it 
takes  much  longer  to  look  over  a  preparation. 

Time  Required  and  Number  of  Slides  to  be  Examined. 

The  time  required  to  examiue  for  eggs  varies  with  the  ex- 
perience and  speed  of  the  examiner,  the  number  of  eggs 
present,  the  thickness  and  size  of  the  preparation,  and 
whether  there  are  many  particles  resembling  eggs,  requir- 
ing close  observation  to  differentiate  them.     If  many  eggs 
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are  present,  the  diagnosis  may  often  be  made  on  the  lirst 
field  examined,  )»iit  to  stop  after  finding  a  few  liookworm 
eggs  is  not  good  practice.  The  examination  slionkl  be  con- 
tinued to  find,  if  present,  egi^a  of  other  parasites  which  are 
iikely  to  be  present  in  small  numbers,  and  to  get  some  idea 
of  the  number.  AVlien  less  than  ten  female  worms  are  pres- 
ent, there  may  be  i\n  average  of  less  than  one  egg  to  a  slide. 
It  is  estimated  that  one  actively  laying  female  produces 
two  thousand  to  tliree  thousand  eggs  in  twenty -four  hours, 
but  uiany  of  the  worms  lay  nuich  fewer  eggs  and  a  few  old 
ones  lay  none. 

We  recently  had  each  man  of  several  groups  of  five  medi- 
cal students  examine  live  or  more  slides  of  one  hundred  dif 
ferent  specimens  of  feces,  twenty-nine  of  which  finally 
showed  mild  hookworm  infection.  The  remainder,  seventy- 
one,  were  negative.  Several  instances  occurred  iu  wliich 
only  one  or  two  men  of  the  group  found  one  or  two  eggs  in 
a  particular  specimen.  These  men  had  been  thorouglil>'  iu 
structed  and  practiced  in  the  recognition  of  hookworm  eggs, 
and  it  is  believed  were  not  likely  to  overlook  them.  Eggs 
were  found  in  only  twenty-three  specimens  from  this  exami- 
nation of  twenty-five  slides  of  each.  The  negative  speci- 
mens were  now  examined  after  being  carefully  washed  and 
centrifuged,  and  six  found  to  contain  eggs.  In  this  instance 
examination  of  twenty-live  slides  failed  to  demonstrate  eggs 
in  20  percent  of  the  cases  in  which  they  were  present. 
These  were  the  ordinary  1x3  microscope  slides,  and  the 
specimens  were  from  adults  who  had  very  few  worms — not 
enough  to  produce  any  recognizable  symptoms,  except  in 
one  or  two  instances.  Most  of  them  had  not  been  rein- 
fected in  many  years,  and  their  worms  certainly  were  not 
laying  as  prolifically  as  younger  worms  do. 

Another  group  of  ten  men  were  first  well  (h'illed  on  the 
diagnosis  of  worm  eggs  and  then  set  to  work  to  examine 
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one  liuudred  aud  thirty-six  specimens  of  feces  that  showed 
on  final  examination  fifty-eight  infected,  as  follows:  six 
hookworm,  thirty-two  trichocephalus,  eight  tenia  nana, 
twelve  oxyuris.  One  to  five  slides  were  examined — an 
average  of  two  or  three.  Thirty-one,  or  53  percent,  of  the 
specimens  containing  eggs  were  diagnosed  negative  by  this 
examination.  They  were  mild  infections,  and  all  these 
worms  other  than  hookworms  lay  comparatively  few  eggs, 
as  is  well  known.  These  figures  show  that  examining  two 
or  three,  or  even  twenty-five,  ordinary  slide  prejjarations 
is  not  sufficient  to  discover  eggs  every  time  when  very  few 
are  present.  It  is  necessary  to  examine  at  least  six  to  ten 
slides  before  a  practical  negative  diagnosis  can  be  made, 
but,  if  one  hundred  or  more  worms  are  j)resent,  eggs  can  be 
found  in  every  slide,  except  under  rare  conditions.  The 
number  of  worms  in  many  well-marked  or  severe  cases  is 
from  one  thousand  to  four  thousand,  and  eggs,  often  several, 
can  be  found  in  almost  every  microscope  field.  AVe  can  look 
over  thoroughly  an  ordinary  slide  in  two  to  four  minutes. 
We  have  seen  comparative  beginners  become  able,  with  a 
few  days  of  practice,  to  examine  well  one  slide  in  six  to  ten 
minutes. 

Light. 

The  amount  of  light  used  sliouhl  bo  that  giving  the  best 
detail  to  the  small  ])ai-ticles  in  I  lie  ])reparatioii.  On  an 
ordinarily  bright  day,  or  with  artificial  light,  the  maximum 
light  available  when  using  any  standard  microscope  will  be 
entirely  too  strong,  and  must  be  reduced  by  partly  closing 
the  iris  diaphragm  under  the  Abbe  condenser.  The  light 
is  increased  or  decreased  with  this  diaphragm  after  the  re- 
flector has  been  adjusted  so  as  to  reflect  directly  all  the  light 
falling  upon  it.  The  light  should  be  such  as  permits  eggs, 
when  present,  to  be  seen  well  in  detail.     The  outline  of  the 
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yolk  and  shell  should  be  distiuct,  and  the  clear  albumen 
space  should  l)e  well  shown.  With  too  l)ri,i;ht  a  li,i;ht  the 
whole  egg  is  blurred  and  indistinct. 

Method  of  Going  Over  the  Slide. 

If  a  mechanical  stage  is  used,  it  is  a  good  plan  to  begin 
at  one  side  of  a  preparation  and  to  move  the  slide  systemat- 
ically from  end  to  end,  moving  back  or  forth  the  width  of  a 
lield  every  time  the  end  is  reached  until  the  entire  slide  has 
been  gone  over.  With  a  large  slide,  or  if  no  mechanical 
stage  is  used,  the  slide  should  be  moved  in  tlie  same  manner 
with  the  fingers.  With  practice  and  with  low  power,  this 
can  be  readily  done. 

Description  of  Eggs. 

The  ova  of  uncinaria  Americana  are  ellipsoid,  fifty-four 
to  seventy-two  microns  long  by  thirty-six  to  forty  microns 
broad,  in  some  cases  partially  segmented  in  utero.  The 
ova  of  ankylostoma  duodenale  are  ellipsoid,  fifty-six  to 
sixtv-one  microns  bv  thirtv-four  to  thirtv-eight  microns, 
laid  in  segmentation.  The  two  varieties  have  practically 
the  same  general  appearance,  and  can  not  l)e  differentiated 
except  l)y  careful  measurement.  Uncinaria  Americana 
eggs  are  said  to  be  more  pointed  at  the  poles.  (Looss.) 
Eggs  may  be  seen  lying  flat,  or  they  may  be  on  end,  in 
which  case  they  appear  round.  Th.ere  are  all  vai'iatious 
))etween  these  extremes,  in  which  they  ai^pear  shorter  than 
normal,  due  to  their  being  seen  in  an  oblique  position  on 
the  slide.  With  experience  a  mental  ])i('ture  of  the  size  is 
formed,  which  is  all  tlie  guide  to  size  necessary.  Diffei-ent 
individuals  see  the  size  of  things  uiidei-  the  microscope  dif- 
ferently. To  our  eye,  with  a  1-inch  eyepiece  and  a  2/3-inch 
objective,  hookworm  eggs  seem  to  be  three-eighths  to  one- 
half  incli  long  l)y  about  one-fourth  less  than  this  in  diam- 
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eter.  The  outline  of  the  chitinous  shell  is  smooth  and  regu- 
lar, and  shows  as  a  narrow  band.  The  regularity  in  out- 
line of  the  shell  often  serves  to  differentiate  them  from  the 
capsular  membrane  enveloping  the  chlorophyl  of  many  dif- 
ferent varieties  of  vegetable  cells.  The  yolk  is  made  up  of 
fine  granular  dark  gray  material  and  contains  a  central 
lighter  area.  When  seen  sufficiently  early,  the  yolk  is  of 
the  same  shape  as  the  egg  shell,  and  usually  situated  about 
the  same  distance  from  it  on  all  sides.  There  is  a  distinct 
clear  albumen  space  between  the  shell  and  yolk  from  one- 
eighth  to  one-fifteenth  as  wide  as  the  diameter  of  the  egg. 
Most  cf  the  eggs  begin  to  segment  before  the  feces  are  dis- 
charged, and  therefore  those  found  in  fresh  material  con- 
tain two,  four,  or  eight,  or  more  segments.  (Figs.  11,  13.) 
In  older  stools  embryos  may  be  seen  inside  of  the  egg  shell, 
nearly  ready  to  come  out  and  moving  around  slowly  in  their 
shell,  which  they  nearly  fill.  (Fig.  11.)  For  a  complete 
description  of  the  embryos  and  larvae  see  the  chapter  on 
zoology. 

Number  of  Worms  Indicated  by  Number  of  Eggs. 

Leichtenstern  has  proposed  to  estimate  the  number  of 
worms  present  by  the  number  of  eggs  found  in  the  feces. 
He  divides  the  number  of  ova  contained  in  one  gram  of 
feces  by  the  factor  forty-seven.  Grassi  and  Parona  esti- 
mate the  number  of  eggs  in  one  centigram  of  feces  and  cal- 
culate the  number  of  worms,  assuming  that  one  hundred 
and  fifty  to  one  hundred  and  eighty  eggs  per  centigram  rep- 
resent one  thousand  worms. 

Ashford  and  King  have  called  attention  to  the  fact  that 
certain  things  may  prevent  the  correct  estimation  of  worms 
by  the  eggs  present.  They  well  say  that  the  worms  cause 
an  increase  of  mucus  at  the  site  of  their  feeding  ground, 
and,  as  this  mucus  often  comes  off   en  7)iasse  and  contains 
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most  of  the  eggs,  the  actual  feces  woiihl  contain  rekitively 
few.  They  say  eggs  are  more  difficult  to  find  in  diarrheal 
stools  for  some  reason  or  other,  and  in  this  connection  we 
mention  the  fact  that  the  (juantity  of  feces  passed  l)y  differ- 
ent individnals  varies  greatly  with  the  size  and  age,  the 
kind  and  amount  of  food  eaten,  tlie  digestive  a])ility  of  the 
patient,  and  also  with  the  water  intake  and  elimination,  in- 
testinal l)acterial  flora,  etc.  Ashford  and  King  saw  cases  of 
heavy  infection  that  at  times  had  no  ova  in  their  feces, 
especially  soon  after  tliymol  had  been  given,  lint  they  also 
had  ]»atients  with  many  ova  two  days  afier  fnll  thymol 
treatment.  AVith  ns  it  has  been  a  connnon  experience  to 
have  a  patient's  feces  reported  negative  within  a  few  days 
after  a  conrse  of  thymol  and  on  snbseqnent  examination 
eggs  be  fonnd  in  large  nnmbers.  This  is  more  likely  to 
occur,  of  conrse,  when  the  examination  is  not  thorough.  In 
one  instance  after  a  course  of  thymol  the  most  exhaustive 
examination  revealed  no  eggs  one  and  two  weeks  afterward. 
The  patient  remained  in  tlie  city,  and  therefore  was  not  ex- 
i:»osed  to  reinfection.  It  was  winter,  during  which  infec- 
tion does  not  usually  occur.  Six  weeks  after  the  thymol 
ova  were  again  found,  and  one  hundred  and  nineteen  male 
and  female  worms  were  expelled  as  the  result  of  another 
course  of  thymol.  Dieminger  found  that  the  number  of 
eggs  was  very  much  diminished  when  patients  were  driid< 
ing  hard.  He  examined  twenty-one  men  on  AFonday  and 
found  only  four  infected;  on  the  following  Friday  he  found 
many  ova  in  eleven  who  had  shown  none  on  Monday.  In 
another  instance  he  found  a  man  heavily  infected  on  Sat- 
urday, but  on  the  following  ]\b)nday  he  could  find  no  ova 
after  repeated  search.  The  reason  lie  assigns  is  that  these 
men  had  been  drinking  to  excess  on  Sunday.  It  is  not  im- 
probal)le  that  the  activity  of  oi>:ij;  ])roduction  l)y  hookworms 
is  influenced  bv  season  of  the  A'ear.     Salt  herring  or  other 
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very  salty  food  also  lias  some  effect.  One  of  us  (Bass)  has 
recently  reported  the  examination  of  two  hundred  and 
forty-seven  female  unciuaria  Americana,  7  percent  of  which 
contained  no  ova,  and  suggested  the  possibility  of  old  age 
being  the  cause.  Dr.  Stiles,  in  discussing  this  question  at 
the  recent  Hookworm  Conference  in  Atlanta,  1910,  said  he 
was  not  prepared  to  say  whether  the  worms  live  long  after 
old  age  induces  cessation  of  ovulation,  but,  reasoning  from 
analogy,  he  did  not  think  this  probable.  Though  animals 
highest  in  the  scale  cease  to  ovulate  at  the  end  of  about  two- 
thirds  of  their  usual  life,  it  is  not  probable  that  any  lower 
forms  do  this,  at  least  to  the  same  extent.  We  have  recently 
examined  three  hundred  and  ninety-seven  female  uncinaria 
Americana  from  patients  whose  ages  and  histories  indicate 
that  they  have  not  been  reinfected  for  several  years,  and 
these  showed  9  1/4  percent  of  barren  worms,  whereas  three 
hundred  and  twenty  dog  uncinaria  from  young  dogs  showed 
only  1/3  percent  without  eggs.  It  is  very  doubtful,  how- 
ever, whether  a  patient  may  be  infected  with  any  consider- 
able number  of  worms  without  a  few  eggs  being  present  in 
the  feces  and  alwavs  demonstrable  bv  thorough  examina- 
tion.  However,  we  believe  the  possibility  of  only  a  very 
few  old  worms  being  present  is  to  be  thought  of  in  cases 
with  a  history  indicating  previous  existence  of  the  disease 
and  persistence  of  s;s,^nptoms.  This  may  explain  some  of 
the  cases  of  persistence  of  eosinophilia  and  other  symptoms, 
though  no  eggs  are  present.  Tf  such  cases  occur,  the  only 
way  to  clear  up  the  diagnosis  positively  would  be  to  give  a 
course  of  treatment  and  examine  the  feces  thoroughly  for 
worms. 

Differentiation  of  Uncinaria  Eggs  from  Other  Ova,  Etc. 

The  eggs  of  uncinaria  are  easily  differentiated  from  those 
of  other  parasites,  except  possibly  strongyloides.     Stron- 
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gyloides  eggs  linve  the  shape  and  appearance  of  hookworm 
eggs,  and  measure  al)oiit  seventy  microns  long  l)y  thirty-five 
microns  thick.  Tlie  shell  is  clear,  hut  yellow.  Tliey  are 
seldom  seen,  because  they  almost  always  hatch  while  in  the 
intestine  and  sometimes  before  they  are  expelled  from  the 
uterus,  and  when  an  egg  is  found  there  are  also  to  be  found 
in  the  feces  thousands  of  strongvloides  larva\  These  can 
not  be  easily  differentiated  from  uncinaria  larvnp,  but,  if  it  is 
remembered  that  uncinaria  larvae  are  not  found  in  fresh 
feces,  little  difficulty  is  experienced.  Tf  the  stool  is  suf- 
ficiently old  (twenty-four  hours  or  longer)  for  uncinaria 
larvae,  to  have  liatched  out,  there  will  still  be  present  in  any 
specimen  of  midiluted  feces  far  more  eggs  than  larv;T^ — a 
thing  never  seen  with  strongyloides.  Strongyloides  larvjE 
are  differentiated  fi'om  uncinaria  larvn?  by  the  presence  of 
a  larger  doul)le  dilatation  of  the  esophagus  and  by  the  de- 
velopment of  the  filariform  stage  when  the  material  is  kept 
for  six  or  eight  hours  or  longer.  The  primordium,  which 
later  develops  into  the  sexual  organs,  is  seen  at  about  the 
middle  of  the  body  of  each,  luit  in  strongyloides  it  is  large 
and  oval,  whereas  in  uncinaria  it  is  small  and  round.  They 
develop  long  (four-tenths  to  seven-tenths  of  an  inch),  nar- 
row, very  active  worms,  with  an  esophagus  almost  one-half 
their  length.  Hookworm  larv;p,  on  the  other  hand,  become 
encapsuled  in  four  to  five  days.  "Double  infection  may 
occur.  Ascaris  lumbricoides  eggs  are  larger,  fifty  to  sev- 
enty microns  long  by  forty  to  fifty  microns  thick,  have  a 
thick,  rough,  albuminous,  bile-stained  coating  of  the  shell, 
are  more  oval,  and  have  less  alluimeu  s]iace.  Tricho- 
cephalus  eggs  are  smaller,  al)out  fifty  by  tweuty-three 
microns,  more  oblong,  and  have  a  cap  on  each  end,  "lemon 
shaped."  Oxyuris  eggs  are  smaller,  fifty  l)y  twenty  mi- 
crons, more  oblong,  and  have  a  relatively  smaller  nucleus. 
One  side  is  straight  and  the  other  curved,  and  one  end  is 
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smaller  than  the  other.  They  are  more  refractile,  giving 
them  a  shining  appearance,  and  slightly  yellow.  Most  of 
the  eggs  seen  are  empty  shells  from  which  the  embryo  has 
already  escaped.  Tenia  eggs  are  smaller,  have  a  thick  shell 
consisting  of  an  inner  and  an  outer  membrane,  between 
which  there  is  a  thick  lajer  of  albuminous  material.  In 
tenia  saginata,  tenia  solium,  and  tenia  diplogonoporus 
grandis  this  is  distinctly  striated,  while  the  tenia  nana  has 
only  a  few  longitudinal  bands  running  through  this  part 
of  the  egg,  starting  from  the  poles.  All  have  booklets 
or  the  resemblance  ot  booklets  in  their  nuclei.  Bothrio- 
cephalus  latus  eggs  measure  about  forty-five  by  sixty-eight 
to  seventy-one  microns,  and  the  nucleus  entirely  fills  the 
shell.  They  are  brown,  and  a  cap  or  lid  can  be  seen  at 
one  end. 

The  beginner  often  has  difficulty  in  differentiating  from 
eggs  various  vegetable  cells  and  sometimes  other  food 
material,  balls  of  bacteria,  etc.  After  fixing  a  correct 
mental  picture  of  the  size  and  shape  of  hookworm  eggs  by 
studying  known  specimens,  including  the  appearance  of  the 
nucleus,  and  observing  the  rule  that  nothing  is  to  be  called 
an  egg  that  does  not  consist  of  a  definite  shell,  yolk,  and 
clear  space,  little  trouble  is  experienced.  The  beginner  often 
diagnoses  vegetable  cells  as  uncinaria  eggs.  Those  foods 
that  are  ''mealy"  when  cooked — like  beans,  peas,  potatoes, 
etc. — or  when  raw — like  apples,  etc. — furnish  the  greatest 
quantity  of  deceptive  vegetable  cells.  Many  a  time  we  have 
known  cells  diagnosed  as  hookworm  eggs  by  those  who  had 
seen  eggs  several  times  before,  notwithstanding  the  fact 
that  there  were  often  in  the  same  fluid  many  other  similar 
cells  not  at  all  egg-shaped  and  several  times  larger  or 
smaller  than  the  cells  diagnosed.  Vegetable  cells  are  irreg- 
ular in  outline,  shape,  and  size,  while  hookworm  eggs  are 
regular  in  these  particulars.     While  vegetable  cells  may  be 
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foiuul  strongiy  resembling'  hookworm  eg'g'S,  there  will  he 
found  in  the  same  specimen,  and  nsually  in  the  same  field, 
many  cells,  otherwise  like  the  one  in  question,  which  vary 
much  in  a})pearance  from  uncinaria  e«'gs.  The  segments  of 
the  yolk  of  hookworm  eggs  are  made  uy)  of  very  fine  granu- 
lar matter,  whereas  the  chlorophyl  granules  of  vegetable 
cells  are  much  coarser.  Finally,  the  s]iace  between  the 
yolk  and  shell  of  eggs  varies  much  at  dilTcrent  points, 
whereas  tlie  onter  membrane  of  vegetal)le  cells  di})s  in  over 
depressions  in  the  nuclear  material,  and  in  fact  makes  a 
covering  of  the  same  thickness  over  the  irregular  nuclear 
mass.  If  in  donbt  as  to  the  diagnosis  of  the  eggs,  they  may 
lie  liatched  out  in  twenty-four  to  forty-eight  hours  and  the 
characteristic  larva*  looked  for.  To  this  end  some  feces 
may  be  placed  in  a  Petri  dish,  or  other  suitable  containei', 
and  a  few  folds  of  filter  ])aper  stuck  down  in  it,  with  one 
end  extending  above  the  material.  This  serves  to  dry 
it  out  sufficiently,  and,  if  the  culture  is  kept  in  a  warm, 
shady  place,  hatching  soon  occurs;  or  the  feces  may  be 
mixed  with  one  or  more  ]^arts  of  charcoal  or  sterile  sand,  in 
which  the  eggs  hatch  well.  This  should  be  moist,  but  not 
covered  with  water,  which  interferes  with  hatching.  The 
larvjp  may  be  found  in  material  from  around  the  edges  of 
the  pai^tei'  or  dish,  but  after  a  few  days  will  crawl  u])  on  the 
sides  and  cover  of  the  dish,  as  shown  by  Claude  A.  Smith 
ill  his  excellent  experimental  work  on  this  subject.  He 
noted  little  grayish  smears,  consisting  of  nuuicrous  larva\ 
on  the  sid(>s  and  cover  of  tli"  culture  dish.  T^arva^  of  un 
cinai'ia  in  stools  are  not  found,  exce|)t  in  rare  instances, 
until  twenty-four  hours  or  longer  after  evacnation.  We 
have  often  found  them  in  feces,  always  associated  with 
large  nnmbers  of  eggs,  sent  by  mail — usually  specimens 
that  had  ]»ai'tly  dried  out.  Tt  must  be  remembered  that 
there  is  a  large  number  of  nematodes,  to  which  uncinaria 
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belong,  the  rliabditiform  larvte  of  wliicli  can  not  be  easily 
differentiated  from  each  other. 

Special  Methods  for  Greater  Certainty  in  Finding  the  Eggs. 

Pepper's  method. — Pepper,  as  mentioned  above,  has 
called  attention  to  a  peculiarity  of  hookworm  eggs  which 
makes  it  possible  to  concentrate  them  considerably,  or  at 
least  to  get  rid  of  much  of  the  fecal  matter  and  thereby 
render  them  more  easily  found.  He  notes  that  when  mate- 
rial containing  eggs  is  allowed  to  settle  on  a  slide,  the  slide 
may  be  immersed  in  water  and  considerably  agitated  with- 
out the  eggs  coming  away,  though  the  slide  is  inverted  and 
all  the  feces  rinsed  off.  We  have  often  confirmed  his  find- 
ings. The  best  results  are  obtained  if  a  part  of  the  fecal 
material  is  removed  by  use  of  the  centrifuge  before  the 
slide  preparation  is  made.  Otherwise  the  method  is  often 
disappointing. 

Kiilz  recommends  Telemann's  method  of  examining  feces. 
In  this,  equal  parts  of  ether  and  pure  hydrochloric  acid  are 
shaken  up  with  a  bit  of  feces,  filtered  through  gauze  and 
centrifugated.  The  fat  rises  to  the  top;  in  the  middle  layer 
are  the  solution  and  detritus,  and  at  the  bottom  insoluble 
remains  and  eggs.  We  have  found  the  method  admirable 
with  some  stools,  but  in  others  not  enough  solution  occurs 
to  permit  a  concentrated  layer  of  eggs  to  l)e  thrown  down. 

Sedimenting  the  feces  bv  diluting  with  ten  or  more  times 
the  amount  of  water,  and  allowing  the  mixture  to  settle  for 
fifteen  minutes  or  longer  in  a  beaker,  test  tube,  or  conical 
glass,  assures  greater  success  than  examining  the  untreated 
feces.  The  eggs,  being  larger  and  heavier  than  many  of 
the  particles  making  up  the  fecal  mass,  settle  faster  and 
are  more  numerous  in  the  bottom  of  the  container.  Mate- 
rial may  now  be  taken  from  the  lower  layers  and  a  slide 
preparation  made  in  the  usual  manner.     By  repeating  the 
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sedimentation  several  times,  still  better  results  may  be 
obtained.  Concentration  of  the  eggs  with  the  centrifuge 
has  been  referred  to  l)y  Looss,  Claude  A,  Smith,  Ashford, 
King,  and  others.  Simply  eentrifuging  the  diluted  feces 
does  not,  liowever,  give  the  best  results.  Thev  are  obtained 
0]]]y  when  the  most  careful  attention  is  ]^aid  to  details 
which  we  believe  are  of  sufficient  importance  to  warrant 
thorough  consideration  here.  One-third  or  more  of  the  fecal 
mass  consists  of  bacteria  which  are  relatively  very  small 
compared  with  the  size  of  eggs.  They  have,  therefore,  a 
nuich  greater  surface  per  given  weight  than  eggs.  Most  of 
them  have  a  lower  s]iecific  gravity  also.  Much  of  the  feces 
consists  of  food  ])artic1es  ranging  in  size  from  that  of  bac- 
teria up  to  coarse  macroscopic  particles.  Most  of  these 
food  particles  are  irregular  in  outline  and  shape,  making 
their  surface  per  given  weiglit  greater  than  that  of  the 
round,  oval  eggs.  The  specilic  gravity  of  much  of  this 
material  is  less  than  that  of  eggs,  and  some  of  it  even  heav- 
ier. Feces  also  contain  variable  amounts  of  concretions — 
''fecal  sand,"  vegetable  cells,  ciwstals,  etc. — which  are  usu- 
ally heavier  than  eggs. 

Centrifuges. — These  are  of  three  kinds — hand,  water,  and 
electric.  The  speed  of  a  hand  centrifuge  varies  according 
io  the  rapidity  of  the  operator,  but  fairly  high  speeds  can 
be  obtained.  They  can  1)e  started  and  stopped  quickly. 
Water  centrifuges  do  not,  as  a  rule,  get  u])  high  speed,  and 
they  start  and  stop  slowly.  Ofood  electric  centrifuges  run 
at  high  speed,  and  start  and  stop  quickly.  The  Purdy  cen- 
trifuge, made  by  Williams,  Browne,  and  Earle,  is  the  best 
we  know  for  this  purpose,  though  some  others  are  good. 
Satisfactory  work  for  practical  purjioses  can  l)e  done  with 
a  good  hand  machine  that  costs  only  about  $8.00. 

The  feces  should  be  diluted  and  well  mixed  with  ten  or 
more  times  their  bulk  of  water.     This  should  be  strained 
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through  two  or  three  layers  of  gauze  in  a  funnel  to  remove 
the  coarse  particles.  The  exact  length  of  time  necessary 
to  centrifuge,  in  order  to  throw  most  of  the  eggs  suspended 
in  water  to  the  bottom  of  the  tube,  should  be  determined  by 
experimenting  with  a  known  specimen  that  has  already 
been  washed  once  or  twice  and  contains  inany  eggs.  This 
must  be  determined  with  the  particular  centrifuge  used. 
The  Purdy  centrifuge  used  by  us,  running  at  full  speed, 
throws  eggs  to  the  bottom  in  four  seconds.  With  a  hand 
centrifuge  it  takes  considerably  longer,  depending  on  the 
speed  obtained.  As  the  first  diluted  feces  are  much  thicker 
than  the  washed  feces  and  eggs  on  which  the  working  time 
of  the  centrifuge  has  been  determined,  the  eggs  will  go 
down  somewhat  slower  the  first  time.  It  is,  therefore,  a 
good  plan  to  centrifuge  double  time  at  first.  If,  for  in- 
stance, the  working  time  of  the  centrifuge  is  four  seconds, 
the  first  centrifuging  should  be  eight  seconds.  This  throws 
to  the  bottom  most  things  heavier  and  larger  than  eggs — 
like  crystals,  sand,  large  vegetable  cells,  etc. — and  all  eggs 
present.  There  remain  suspended  in  the  supernatant  fluid 
nearly  all  bacteria  and  fine  particles,  and  many  coarse 
particles  lighter  and  more  irregularly  shaped  than  eggs. 
If  the  centrifuge  is  run  longer,  many  of  these  go  down, 
which  is,  of  course,  undesirable.  Pour  off  this  fluid,  and 
two-thirds,  and  often  much  more,  of  the  feces  are  removed 
by  this  washing.  Refill  the  tube  to  about  three-fourths  its 
capacity,  shake  up  thoroughly,  and  centrifuge  again,  run- 
ning now  only  the  working  time  of  the  centrifuge.  It  is 
important  not  to  centrifuge  longer  than  the  working  time  of 
the  centrifuge,  as  many  fine  and  light  particles  would  other- 
wise be  thrown  down.  Considerable  material  remains  sus- 
pended, and  may  be  removed  by  pouring  ofl^  the  super- 
natant fluid.  Again  the  tube  is  filled,  shaken,  and  centri- 
fuged  a  proper  length  of  time,  and  generally  this  will  be 
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sufficient  for  practical  purposes.  A  part  or  all  the  sedi- 
ment is  removed  with  a  pipette,  s])read  out  on  a  slide,  and 
examined  for  eggs.  It  consists  of  crystals,  sand,  and  heavy, 
coarse  food  particles,  and  eggs  if  present.  It  is  important 
to  remove  the  sediment  proijerly.  A  clean  pipette,  with 
the  linger  held  o\'er  the  end  of  it,  is  carried  to  the  bottom 
of  the  tube.  Before  removing  the  linger  and  allowing  the 
sediment  io  run  in,  it  should  lie  well  broken  loose  from  tlic 
bottom  ol'  the  tube  by  means  of  the  pipette.  Then  the 
finger  is  partially  removed,  and  a  i)art  or  all  the  sediment 
allowed  t<»  run  up  into  tlie  pipette,  l^irt  or  all  this  is 
spread  on  a  slide  and  examined  as  usual.  A  worker  accus- 
tomed to  this  procedure  is  al)le  to  wash,  centrifuge  several 
times,  and  i>;vt  the  sediment  of  a  specimen  on  a  slide  ready 
for  examination  within  four  or  li\-('  minutes.  The  examina- 
tion takes  about  the  same  tinu^  as  is  required  to  examine 
an  ordinary  preparation  of  feces  of  Ihc  same  size,  but  usu- 
all}^  all  the  sediment  may  be  placcci  on  one  slide,  and  one 
slide  is,  therefore,  all  that  it  is  necessary  to  examine.  A 
mechanical  stage  enables  one  more  thoroughly  to  go  over 
the  slide.  A  large  amount  of  the  sediment  can  ])e  examined 
if  Pepper's  technic  is  now  used.  After  allowing  the  thick 
smear  to  settle  well,  the  slide  is  iuiiiiei-sed  in  a  beaker  or 
glass  of  water.  ITncinaria  eggs  remain,  but  most  other 
tilings  wash  off.  One  serious  objection  to  following  this 
technic  is  thai,  while  looking  for  hookworm  eggs,  we  also 
want  to  find  any  other  eggs  present.  No  other  eggs  we 
know  of  stick  to  the  slide  like  hookworm  eggs.  This  pro- 
cedure cannot,  therefore,  be  recommended  for  general  work. 
(Jreat  care  must  be  exercised  to  clean  the  centrifuge  tubes 
before  ushig  them  after  they  liave  had  eggs  in  them.  A 
proper  centrifuge  tul)e  l)rush  is  serviceal)le. 

The  method  of  centrifuging  described  above  is  all  that  is 
necessary  for  ordinary  practical  ])ur]>oses,  and.  if  properly 
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done,  permits  the  finding  of  eggs  when  less  than  half  a 
dozen  laying  females  are  present,  and  often  when  only  one 
is  present.  It  is  of  additional  service  becanse  it  permits  at 
the  same  time  diagnosis  of  infections  with  many  other 
worms  by  which  much  fewer  eggs  are  laid,  such  as  the 
tenias,  oxynris,  bothriocephalns,  etc.  Bass  found  that  he 
could  still  further  concentrate  the  eggs  by  washing  with 
calcium  chloride  solution  after  washing  with  water.     The 


r- 


4 


■  ■^        ■  '*■' 


m 


Fig.    46.      Microscopic    appearance    of    feces,    sliowiny    poorly    one    egg    in 
center. 

specific  gravity  of  fresh  hookworm  eggs  is  near  1,100.  This 
usually  increases  as  the  specimen  gets  old.  A  solution  of 
calcium  chloi'ide  having  a  specific  gravity  of  1,050  will  sus- 
pend considerable  of  the  sediment,  though  the  eggs  still 
readily  go  to  the  bottom.  By  washing  with  this  solution 
two  or  three  times  after  washing  with  water,  much  material 
not  removed  with  the  water  can  be  removed.  If  still  better 
results  are  desired,  the  crystals  and  very  heavy  things  can 
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l)e  removed  by  washing  with  a  sohition  of  calciiiiii  cliloride 
of  1,250  specific  gravity,  in  wliich  most  of  tliem  go  down, 
but  hookworm  eggs  float.  After  ceutrifnging,  the  super- 
natant fluid  containing  the  eggs  is  poured  off  and  appropri- 
ately diluted  with  water,  and  the  eggs  again  thrown  to  the 
bottom,  from  where  they  are  easily  taken  up.  This  calcium 
chloride  washing  is  necessary  only  when  very  great  accuracy 


Fig.  47.      Prf-paration  made  by  Bass'  metliod  from   feces  shown  in  Fig.   40. 
Appear  aliout  as  large  as  they  do  witli  1/6  objective  and  2-incli  eyepiece. 


is  desired,  or  whei]  it  is  desired  to  collect  eggs  absolutely 
fi-ee  from  fecal  material  for  scientific  purposes.  Solutions 
of  calcium  chloride  of  several  different  strengths  should  be 
employed  for  this  })ui'pose,  and  much  is  also  gained  l)y  keep- 
ing the  ])atient  on  a  wliolly  digestible  diet.  Bass  fouiid  that 
with  this  teclmic  he  was  able  to  recover  DG  percent  of  one 
thousand  eggs  placed  in  one  ounce  of  feces,  94  percent  of 
one  hundred  eggs  in  the  same  amount,  and  GO  percent  of 
ten  eggs  in  one  ounce.     The  value  of  the  centrifuge  is  shown 
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by  the  work  of  Gage  and  Bass.  They  examined  the  feces  of 
315  university  students.  One  to  25  slides  were  examined 
in  the  ordinary  way,  and  104  cases  were  found  infected  with 
some  intestinal  parasite,  79  of  them  being  hookworms.  The 
specimens  found  negative  by  the  ordinary  technic  were  cen- 
trifuged,  either  using  water  only  or  water  and  calcium 
chloride  solution,  as  described.  Bv  this  method  38  ad- 
ditional  hookworm  cases  were  found.  Of  the  entire  104 
cases  of  intestinal  parasite  infection  47  percent  were  found 
by  the  usual  technic,  and  53  percent  were  missed  until  the 
centrifuge  technic  was  employed.  It  is  to  be  emphasized 
that  most  of  this  series  of  cases  were  mild  cases  of  uncinari- 
asis, or  infection  with  other  worms  that  laj^  fewer  eggs  than 
uncinaria.  Gage  and  Bass  conclude  after  this  extensive  ex- 
perience that,  for  all  practical  purposes,  washing  with  water 
alone  is  all  that  is  necessary,  and  that  the  washing  with 
calcium  chloride  solution  is  unnecessary,  except  for  special 
purposes. 

As  to  whether  it  is  necessary  to  use  the  centrifuge  in 
every  case,  we  would  say  that  it  is  not  in  the  ordinary  diag- 
nosis and  treatment  of  hookworm  disease,  but  that  it  is 
necessary  for  the  recognition  of  many  cases  of  mild  worm 
infection.  The  time  consumed,  ten  to  fifteen  minutes,  is  not 
as  great  as  that  required  to  make  a  much  less  reliable  ex- 
amination by  the  ordinary  technic,  and  the  satisfaction  de- 
rived from  being  certain  that  no  eggs  are  present  is  worth 
the  effort. 

Diagnosis  by  Examining  Stools  for  Worms  after  Treatment. 

Either  thymol  or  beta-naphtol  may  be  given  for  this  pur- 
pose, and,  though  usually  recommended  in  smaller  doses  for 
diagnosis  than  for  treatment,  we  believe  that,  unless  special 
contraindications  exist,  the  full  regulation  dose  should  be 
given,  preceded  and  followed  by  the  same  purgation  and 
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starvation  as  if  a  wcll-iiiarked  case  was  bciiii;'  treated.  All 
feces  passed  during-  the  tirst  twelxe  to  twenty  four  hours 
after  the  last  pui'ge  slionhl  he  examined  hy  washing,  as  de- 
scribed by  Dr.  Stik's.  They  are  stiri'ed  in  a  bucket  or  other 
suitable  vessel  with  water,  after  which  the  mixture  is  al- 
lowed to  setth'  a  minute  or  two.  The  supernatant  fluid  is 
}>oui'ed  off  and  the  sediment  rewashed  several  times.  After 
washing  thoroughly,  the  residue  is  placed  in  a  flat  dish  or 
vessel  with  water  in  it,  and  the  worms  searched  for.  A 
glass  dish  placed  over  a  black  surface,  or  one  i)ainted  black, 
makes  the  identification  of  the  worms  easier.  The  worms 
nuiy  l)e  collected  with  a  pair  of  tweezers.  They  are  about 
the  thickness  of  a  connnon  brass  pin,  from  three-eighths  of 
an  inch  (shortest  males)  to  five-eighths  of  an  inch  (longest 
females)  in  length,  and  are  white  or  gray  in  color,  according 
to  the  amount  of  food  and  eggs  they  contain.  A  complete 
description  of  the  worms  is  given  in  the  chapter  on  zoology. 
It  should  be  said  here  that  the  worms  are  not  likely  to  l)e 
found  in  the  stools,  except  after  treatment.  The  history 
often  related  l)y  people  that  they  saw  hookworms  in  their 
stools  usually  means  that  they  have  mistaken  some  other 
worm  or  food  particles  for  hookworms.  In  fact,  the  worms 
are  often  not  found  even  when  mairy  are  present,  unless 
they  are  properly  looked  for  and  with  great  care. 

Blotting-  Paper  Test. 

Stiles  has  found  that  in  a  lai-ge  [»i'o[)orti()n  of  mediuu]  or 
severe  cases  of  uncinariasis  this  test  is  jiositive.  It  is  made 
])y  ])lacing  on  a  ])iece  of  white  blotting  papci-,  or  other  soft 
white  paper,  some  fresh  feces.  \\\  about  fifteen  minutes 
these  are  |-enio\'ed,  and  when  the  test  is  positive  the  paper 
will  show  a  red  oi-  I'eddish  brown  blot  where  the  feces  had 
l)een.  'J'hough  of  service  in  some  cases,  the  test  can  not  be 
reconunended  for  general   use,  lu'cause  of  the  manv  other 
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sources  of  positive  tests  besides  liookworin  disease,  such  as 
other  lieniorrhages,  vegetable  coloring  matter,  etc.  We 
have  found  it  positive,  however,  in  several  severe  cases  of 
uncinariasis. 

The  Eosinophile  Count  in  Diagnosis. 

The  importance  of  the  eosinox)hile  leucocyte  count  in  the 
diagnosis  of  hookworm  disease  has  been  emphasized  by 
Bovcott  and  Haldane,  and  under  certain  conditions  mav  be 
of  value.  They  found  of  one  hundred  and  forty-eight  men 
infected  with  ankylostoma  duodenal  is  94  percent  had  over  8 
percent  of  eosinoi^hiles,  and  only  3  1/2  percent  had  less  than 
5  percent  of  eosinophil  es.  In  eight  hundred  noninfected 
miners  there  were  only  seven  cases  of  eosinophilia.  The 
feces  of  one  of  those  were  not  examined.  Two  showed 
ascaris  eggs,  and  the  other  four  showed  trichocephalus  dis- 
par  eggs.  They  especially  recommend  the  eosinophile 
count  because  of  the  rapidity  with  which  it  can  be  made. 
They  examined  one  hundred  and  eighty-three  films  in  four 
days. 

They  themselves  point  out  that  the  method  is  most  useful 
only  in  regions  where  other  causes  of  eosinophilia  are  rare. 
They  say  "this  method  could  not  be  employed  with  success, 
for  example,  with  an  ordinary  Swiss  population,  where 
ascaris  is  a  frequent  cause  of  a  high  grade  of  eosinophilia; 
still  less  in  the  tropics,  where  natives  have  more  than  one 
cause  of  eosinophilia  in  their  persons  besides  ankylostoma. 
No  suggestion  has  ever  been  made  l)y  us.  Iiowever,  that  it 
should  be  used  under  these  circumstances,  nor  has  it  been 
proposed  that  the  examination  of  blood  films  should  replace 
the  search  for  eggs  in  the  feces  in  persons  in  whom  a  prima- 
facie  case  for  the  presence  of  ankylostomiasis  has  been 
made  out.  The  ultinmte  diagnosis,  which  is  preliminary 
to  treatment,  must  rest  on  the  examination  of  the  feces.     A 
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preliminary  examination  of  the  Ijlood  will,  however,  save  a 
great  deal  of  trouble  in  eases,  as  in  English  miners,  where 
other  causes  of  eosino^jhilia  are  practically  absent." 

In  six  hundred  and  ninety-three  cases  of  hookworm  in- 
fection in  various  degrees  of  which  we  have  record  of  the 
blood  examination  the  eosinophile  count  was  5  percent  or 
over  in  two  hundred  and  twelve  and  below  5  percent  in  four 
hundred  and  eighty-one.  The  highest  count  was  34  per- 
cent and  the  lowest  1/5  percent.  The  average  for  the 
entire  number  was  4  1/8  percent.  The  average  for  two 
hundred  selected  lowest  count  cases  was  2  1/3  percent.  It 
should  be  stated  that  the  majority  of  these  cases  were  mild 
infections,  and  indeed  many  of  them  so  mild  as  to  require 
the  use  of  the  centrifuge  before  ova  were  found.  In  four 
hundred  and  four  well  people,  whose  blood  and  feces  were 
examined  and  no  uncinaria  or  other  eggs  found,  the  eosino- 
philes  averaged  2  7/10  percent.  The  highest  was  17  per- 
cent and  the  lowest  none  in  a  five  hundred  cell  count. 
Above  5  percent  was  recorded  in  thirty-four  instances. 
Many  cases  of  severe  uncinariasis  have  not  more  than  the 
normal  count,  as  pointed  out  by  Ashford  and  King,  and  this 
is  true  in  almost  all  cases  shortly  before  death.  It  is  cer- 
tain, however,  that  most  moderate  or  severe  cases  of  hook- 
worm infection  have  counts  above  the  normal.  From  the 
above  and  our  own  experience  we  would  conclude  that  the 
chief  value  of  the  eosinojDhile  count  in  the  diagnosis  of 
hookworm  disease  lies  in  the  suggestion  a  high  count  makes 
to  examine  the  feces  w^hen  the  disease  has  not  otherwise 
been  suspected.  Eosinophilia  is  present  in  so  many  hook- 
worm and  other  worm  infections  that  we  believe  the  feces 
should  always  be  examined  when  high  counts  are  obtained. 

In  this  connection  it  may  be  well  to  call  attention  to  the 
fact  that  a  count  of  one  hundred  cells  does  not  give  a  re- 
liable estimate  of  the  percentage  of  eosinophiles  or  any 
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otiier  cells  found  in  small  numbers.  It  is  necessary  to  count 
at  least  three  hundred  cells,  and  preferably  five  hundred. 
Much  sj^eed  can  be  gained  by  taking  only  the  total  leu- 
cocytes and  the  eosinophiles.  Counting  by  twos,  threes, 
or  fives,  instead  of  by  ones,  also  saves  time.  For  speed  the 
thickest  part  of  a  spread,  where  the  cells  can  be  differen- 
tiated, is  best. 


CIIAPTEK  \'II1 


l*K()(iX()SIS. 


'TIk'  pi-oi^iiosis  of  liookwonii  iiircctioii  \';ii"i('s  within  wide 
extreiiK's.  (Icpciidiiiu'  on  scxcrni  factors,  sncli  as  nnniUer  of 
woi'ins,  a^c  and  const itntion  of  the  patient,  possibility  of 
lA'ettin.i;'  propel'  food,  and  especially  of  i'ecei\inii'  pro]HM'  ami 
tiinel>'   treatment. 

If  the  woi'ins  are  few  and  the  indixidnal  well  iionrished, 
hookworin  disease  does  not  always  (le\-eh»p.  The  snhject 
remains  a  cari'ier.  Idioniili  not  ill  snhjectix'ely,  he  is,  how- 
ever, in  a  pat!iolou;ic  comlition.  and  often  shows,  on  careful 
examination,  not  oidy  ova  of  the  parasites  in  tlie  stools,  hut 
also  slii>'ht  loss  of  weight  in  ]»rop(U'tion  to  his  ai;'e,  slight 
loweriui;'  of  the  hloodcoloi-in^'  uuitter  and  red  blood  cor- 
]>useles,  and  eosino])hilia.  We  believe  these  sjii^ht  abnor- 
malities are  m)t  without  importance.  If  the  subject  is  able 
to  eat,  digest,  and  assimilate  euough  pi'oj)er  food,  and  to  live 
comfortably,  he  ma\'  be  able  to  keep  abreast  of  his  contem- 
])oraries  in  school  and  college,  and  to  hold  his  own  at  work, 
or  in  business  or  a  profession.  By  si?-;  or  seven  years  after 
his  last  infection,  in  most  cases,  he  is  free  from  parasites, 
these  having  died  of  old  age.  Tuder  favoi'able  cii'cum- 
stances  tlie  sul)j(^ct  now  recovers  comi)letel>'.  In  some  cases, 
howevei',  we  sus])ect  that  the  di'ain,  though  slight,  caused 
by  the  pai'asites  A\ill  lia\'e  damaged  the  host,  and  that  neu- 
I'asthenia,  or  wiscidar  or  cai'diac  disease,  nia_\'  come  on  by 
reason  of  the  excessixc  calls  on  the  enei-gy  of  the  latter, 
l^'oi'  this  reason,  as  well  as  I'or  pi'opli\'lactic  jmrposes,  all 
hookworm   carriei's  should  be  sought   (»ut   and   treated.      If 
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tliey  are  exposed  to  reinfection,  the  risk  of  permanent,  even 
tliougii  slight,  damage  is  greater. 

It  is  doubtful  whether  true  immunity  occurs  in  Caucas- 
ians. Mild  cases  may  go  on  for  years,  the  worms  gradually 
undergoing  senile  changes,  and  therefore  less  potent  for  ill. 

In  moderate  infections,  among  poor  people,  a  lowering  of 
physical  and  mental  and  moral  strength  occurs.  School 
children  so  aiTected  may  not  he  al)le  to  accomplish  more 
than  60  percent  of  required  work. 

The  worst  cases  are  those  in  which  there  is  a  heavy  infec- 
tion, with  from  one  to  many  thousand  worms.  Even  in 
well-to-do  subjects  these  become  severely  affected,  but 
among  the  underfed  or  the  overworked  the  results  are  most 
serious.  Either  the  patient  l^ecomes  rapidly  anemic,  with 
digestive  disorders,  sometimes  severe  diarrhea  with  hemor- 
rhages, anasarca,  and  extreme  debility,  or  the  conditions 
may  be  more  chronic.  Indolence  and  weakness  lead  to  care- 
less habits.  Reinfection  occurs  from  time  to  time.  Often 
a  whole  family  becomes  affected  more  or  less  seriously. 
The  wage  earners  lose  part,  or  later  all,  of  their  income,  the 
food  supply  becomes  more  scanty,  and  a  vicious  circle  of 
poverty,  weakness,  and  disease  is  established.  Often  doc- 
tors are  far  away,  or  even  not  accessible  at  all,  and  a  whole 
family  may  be  exterminated  before  the  youngest  children 
are  half  grown.  Formerly  these  cases  were  supposed  to  die 
of  pernicious  malaria,  of  nephritis,  and  in  some  countries  of 
beriberi.  We  strongly  suspect,  with  many  other  southern 
physicians,  that  many  cases  in  negroes,  ending  fatally  and 
supposed  to  be  tuberculosis,  are  undiagnosed  cases  of  hook- 
worm disease.  The  difficulty  of  getting  a  clear  history  in 
negroes,  the  rarity  of  physical  diagnosis  and  sputum  exami- 
nation, and  the  similarity  of  the  late  symptoms  in  the  dis- 
ease make  the  confusion  a  very  natural  one. 
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Mortality. 

Tlie  mortality  of  liookworni  disease  in  America  can  not 
yet  be  accurately  stated.  The  disease  has  not  been  known 
long  enough,  and  tlie  diagnosis  is  not  attempted  often 
enougli,  to  fnrnish  data  of  vahie.  In  Porto  Rico  Ashford 
and  King  estimated  tlie  death  rate  before  systematic  treat- 
ment was  begun  at  30  percent,  wlii<di  was  probably  not  too 
high.  Tn  Egypt,  among  cases  treated,  Sandwith  thinks 
89.5  i^ercent  are  cured  or  greatly  relieved,  2.5  are  un- 
relieved, and  8  percent  die.  One-third  of  the  latter  are  first 
seen  moribund,  another  third  die  of  various  complicating 
diseases,  and  the  remaining  third  of  hookworm  disease. 

In  the  prognosis  of  a  given  case  the  most  useful  guides 
are  the  general  condition  and  the  condition  of  the  most  im- 
portant organs,  the  probable  number  of  worms  as  shown 
by  the  fecal  examination,  and  the  possibility  of  proper  treat- 
ment, which  often  depends  upon  the  financial  condition  of 
the  patient.  "The  destruction  of  tlie  poor  is  their  poverty" 
applies  wnth  particular  force  in  hookworm  countries. 

Of  other  points,  eosinophilia  has  some  value.  In  severe 
cases,  if  present,  it  is  usually  a  sign  that  the  disease  has  not 
gone  on  to  complete  exhaustion  of  the  blood-forming  organs. 
In  mild  cases  it  often  indicates  periods  of  relative  well- 
being.  Prof.  Fiilleborn,  of  Hamburg,  who  had  an  experi- 
mental infection,  told  us  his  eosinophiles  were  always 
higher  when  he  was  feeling  best. 

The  Porto  Rico  Commission,  in  1904,  wrote  (page  84) : 

"The  chief  interest  centered  around  the  eosinophiles. 
There  is  no  doubt  that  the  following  conclusions  may  be 
drawn  with  safety  (conclusions  which,  by  the  way,  were 
suggested  in  the  report  of  the  Ponce  cases  in  1903) : 

"1.  Very  severe  chronic  cases,  with  poor  resisting  power 
and    exhausted    blood-making    organs,    have    little    or    no 
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eosinophilia.  Leichtenstern's  remarkable  case  of  72  per- 
cent eosinopliiles  just  before  death  does  not  negative 
this  view.  We  had  a  case  which  died  in  coma,  possibly  due 
to  cerebral  effusion.  This  child  was  admitted  with  6.4  per- 
cent eosinophiles  and  died  with  20.8  percent. 

"2.  A  rise  in  eosinophiles  is  of  good  prognostic  import. 
Especially  is  this  true  of  those  who,  admitted  to  treatment 
with  conditions  described  under  1,  begin  to  show  higher 
and  higher  eosinophile  counts.  There  are  such  cases,  not 
explicable  to  us,  where,  in  spite  of  a  lack  of  rise  in  these 
cells,  improvement  does  take  place.  It  may  be  rather  rapid, 
but  is  generally  very  slow. 

''3.  If  very  severe  cases,  presenting  little  or  no  eosino- 
philia,  [have  a]  fall  in  their  eosinophile  count,  the  prognosis 
is  not  generally  good. 

''In  genera],  good  resistance  to  the  toxin  of  uncinaria  is 
expressed  by  eosinophilia.  Our  special  cases,  being  nearly 
all  severe,  gave  an  average  of  10.8  percent  eosinopliiles  be- 
fore any  treatment  was  begun,  and  the  ultimate  percentage 
of  these  cells,  after  all  treatment  had  been  concluded,  was 
13.2.  As  forty-two  of  the  sixty-one  were  completely  cured 
at  that  time,  and  fifteen  were  nearly  so,  it  is  clearly  seen 
that  the  number  of  uncinaria^  per  se  has  nothing  to  do  with 
eosinophilia  directly.  As  to  the  oft  cited  remark  that  eosino- 
philia and  Chareot-Leyden  crystals  increase  and  fall  to- 
gether, there  are  cases  which  fail  to  show  such  relation. 

''The  eosinophiles  behave  in  a  most  extraordinary  way 
in  the  course  of  cure.  There  seems  to  be  a  general  rise  to  a 
certain  percentage,  varying  according  to  the  individual, 
after  which  a  fall  to  normal  takes  place.  This  fall  to 
normal  may  occur  before  the  patient  reaches  a  normal 
hemoglobin  percentage,  or  may  be  delayed  until  some  time 
after  cure.  In  this  course  of  rise  and  fall,  great  undula- 
tions may  take  place  in  the  curve,  which  as  yet  seem  to  be 
difficult  to  explain. 
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"Some  vi'i-y  ])('i-tiii('nt  (iiicstioiis  arise  in  coiisideration  of 
the  ((lU'stion  of  eosiiiopliilin: 

"1.  Is  it  an  evidence  of  Mood  rei^eneration,  of  increased 
activity  of  l)lood-nial<ing  organs! 

"2.  Is  it  that  eosino]»liih's  are  directly  concerned  in  tlie 
defense  of  the  organism  against  the  toxin  :' 

"There  are  many  other  theories  concerning  e<)sino])liilia 
in  general — for  instance,  that  of  AVeiss.  wlio,  l*iwing  says, 
maintains  'that  local  eosinophilia  tends  to  occnr  where 
there  is  extensive  extraxasation  of  hlood.  the  derivatives  of 
liemoglol^in  heing  ahsorhed  l»_\'  the  jiolynncleai"  cells  and 
deposited  in  the  form  of  eosinoi)hile  grannies.'  " 

Among  other  elements  in  pi-ognosis,  ])regnancy  is  an  nn- 
fa\'ora1)le  one.  Al)ortion  is  likely  to  occur,  and  it  as  well 
as  hii'th  at  term  may  l)e  fatal  in  anemic  ]iatients.  Lacta- 
tion is  im])erfect  in  hookworm  ]>atients,  hut  proni])tly  im- 
proves nnder  thymol  treatment.  The  offs])ring  of  nn- 
treate(l  hookworm  ]iatients  are  likely  to  he  poorly  devel- 
oped and  mai'antic. 

While  the  most  severe  cases  are  seen  in  early  life,  the 
disease  is  sometimes  severe  in  cases  that  develo])  after  (iO. 
All  comiilications  that  conti'aindicate  treatment  render  the 
prognosis  worse. 

The  effect  of  hookworm  disease  on  duration  of  life  is  very 
i]n]iortant.  ( )ld  ]ieo])le  in  tlic  iniral  districts  of  hookworm 
countries  seem  less  numerous  than  they  are  in  cities,  with 
their  greater  ex])Osure  t(»  numerous  adverse  conditions. 
The  Porto  Ikico  Connnission  c(Uihi-ms  this  hy  statin^'  that  in 
l-*orto  i»ico.  though  there  ai'c  moi-e  cliildi-eii  in  pi-op(U-tion 
to  adults  than  in  any  othei'  state,  except  South  ('ai'olina. 
tiiose  over  (10  yeai's  ai'c  foi't\  to  the  thousand,  as  couipared 
with  sixty  two  to  the  thousand  in  the  United  States  in 
general. 
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Intercurrent  Diseases  and  Complications. 

Like  all  couditions  with  anemia,  hookworm  disease  is 
likely  to  be  associated  with  many  other  diseases.  Some  of 
them  are  assisted  by  the  anemia,  and  some  are  due  to  the  in- 
testinal derangements  and  the  perversions  of  appetite.  The 
following  are  especially  frequent:  gastritis,  dilatation  of 
the  stomach,  enteropolitis,  amebic  and  baoilhiry  dysentery, 
edema  of  the  lungs,  neurasthenia,  and  nephritis.  The  latter 
is  very  common  in  advanced  cases.  Syphilis  and  tubercu- 
losis are  not  especially  frequent,  but  are  likely  to  be  severe, 
in  hookworm  sul)jects.  Rheumatic  pains  are  not  uncom- 
mon. Ashford  and  King  recovered  from  the  blood  of  such 
cases  a  bacillus,  which,  however,  they  also  found  in  other 
diseases.  Among  other  diseases  frequently  encountered  in 
histories  of  hookworm  sul),iects  are:  tonsilitis,  laryngitis, 
pneumonia,  paresis,  hemiplegia,  jaundice,  ulcer  of  the 
stomach,  conjunctivitis  and  trachoma,  renal  colic,  pellagra, 
and  elephantiasis.  The  last  two  named  occui-  in  endemic 
areas,  and  the  relation  is  only  an  assisting  one. 

As  regards  pneumonia,  Gregorson  reports  some  interest- 
ing facts  from  Assam,  where  the  tea-gardeners  were  for- 
merly very  severely  affected  with  hookworm.  Pneumonia 
was  also  very  frequent,  but,  as  the  hookworm  disease  be- 
came less  frequent  under  sanitation  and  treatment,  there 
was  a  notable  fall  in  the  incidence  of  ]uieumonia.  The  fre- 
quency and  severity  of  ]meumonia  in  the  southern  states  of 
America  have  often  been  noted,  and  no  good  explanation 
for  it  has  been  advanced.  It  can  not  be  donbted  that  the 
effects  of  hookworm  infection  lower  the  resi^stance,  so  that 
depressing  diseases  of  all  kinds  are  more  difficult  to  with- 
stand. Moreover,  the  hookworm  anemia  lowers  the  amount 
of  oxygen-carrying  blood,  while  lack  of  oxygen  in  pneu- 
monia increases  the  need. 
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Other  Parasites. 


It  is  to  l)e  expected  that  liookwonii  subjects  sliuuld  ul'teii 
liarbor  other  intestinal  parasites  as  well  as  others,  as  they 
nsually  live  where  parasites  of  all  kinds  are  frequent. 
Many  of  the  other  entozoa,  thongh  not  all,  are  expelled 
witli  hookworms  after  treatment.  The  following  may  l)e 
named:  ascaris  lnml)ricoides  and  ascaris  caninum;  bil- 
harzia,  trichinella,  strongyloides,  balantidium,  oxynris,  dip- 
logonoporns  graudis,  ame1)a%  fasciola  hepatica,  tenia  sagi- 
nata  and  tenia  solium,  and  til  aria. 

Among  the  most  frequent  sequels  in  severe  cases  are:  dis- 
eases of  the  heart,  liver,  and  kidneys,  endocarditis  and  arte- 
riosclerosis, severe  anemia,  intestinal  indigestion  due  to  the 
destruction  of  the  mucous  membrane  by  bites  and  infection, 
and  ulceration  of  the  intestine. 

Among  rare  results  are  perforation  and  stricture  of  the 
gut.  '"       - 

It  should  be  clearly  understood  that  the  prognosis  in 
hookworm  disease  is  favorable  in  proportion  to  the  prompt- 
ness and  the  completeness  of  treatment. 

In  rare  cases  the  condition  is  such  that  treatment  can  not 
be  borne,  or  the  patient  is  too  ill  to  recover  even  if  the 
worms  are  removed. 


CHAPTER  IX. 

PROPHYLAXIS. 

"In  the  universal  treatment  of  persons  affected  lies  the 
secret  of  successful  opposition  to  uncinariasis."  (Porto 
Rico  Commission.) 

Hookworm  disease  is  theoretically  one  of  the  easiest  to 
prevent.  Its  cause  is  known — unlike  the  causes  of  the 
eruptive  fevers,  that  still  remain  as  tests  of  hygienic  ef- 
ficiency. All  the  vital  characteristics  of  the  parasite  are 
understood;  it  has  no  secondary  host,  like  the  tapeworms, 
that  spend  part  of  their  cycle  in  animals  widely  used  as 
food;  it  is  not  easily  taken  with  drinking  water  or  milk,  like 
the  germ  of  typhoid  fever;  it  is  not  carried,  to  any  serious 
extent  at  least,  by  flies  or  other  insects,  nor  by  the  wind. 
In  a  word,  it  does  not  come  to  man — man  goes  to  it. 

Practically  it  is  one  of  the  most  difficult  diseases  to  jDre- 
vent  or  eradicate  on  account  of  its  wide  extent,  its  intensity 
in  favorable  localities,  the  enormous  reproductive  power 
of  the  adult  worm,  the  rapid  development  of  the  ova  to  the 
infecting  stage,  and  the  commonest  method,  until  recently 
unsuspected,  of  infection.  The  very  fact  that  the  skin  in- 
fection has  not  been  known  longer  may  be  the  main  reason 
why  the  prophylaxis  in  the  past  has  been  so  difficult.  Wider 
recognition  of  it  may  bring  about  a  greater  change.  An- 
other cause  of  difficulty  in  prevention  depends  upon  the  fact 
that  the  sources  of  infection,  their  number,  and  danger  re- 
sult directly  from  careless  or  filthy  habits.  These,  too,  seem 
almost  ineradicable,  but  may  be  much-  more  amenable  to 
education  than  they  now  appear. 

The  magnitude  of  the  task  of  prevention  appears  fi'om  the 
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statistics  .i;i\('ii  in  ('liai>t('r  \\.  In  ll()ok^Yo^m  localities 
practicaHN-  all  cliildrcii  and  many  adults  have  the  disease, 
reinfection  k('e[»in.n'  it  n]»  much  longer  than  the  usual  life- 
time of  each  worm.  Probably  most  rural  negroes  also  are 
affected  in  all  parts  of  the  world,  hut  often  do  not  show 
symptoms.  So  the  two  classes  of  tlic  population  most  re- 
gardless of  cleanliness  can  do  most  harm  l)y  their  lack  of 
that  N'irtne. 

The  problem  of  [)ro[)hylaxis  involves  the  following  essen- 
tial elements: 

1.  Stop])ing  the  danger  of  infection  by  exterminating  the 
mature  worms  in  the  bodies  of  human  beings  in  order  to 
check  the  sn])ply  of  eggs  at  the  source. 

'2.  l^reventing  the  growth  and  existence  of  larva?  in  the 
places  where  they  develop. 

3.  Preventing  infection  by  lai'va'  tliat  have  developed, 
notwithstanding  the  efforts  mentioned  under  1  and  2. 

1.  Extermination  of  the  mature  worms. — The  first  need 
for  the  prevention  of  hookworm  disease  is  to  sto])  it  in  those 
already  affected — hookworm  i)atients.  This  is  a  task  that 
will  natni-ally  fall  u]>on  the  ))liysician.  When  the  disease 
was  unrecognized,  cure  was  out  of  the  (luestion.  Now  that 
the  condition  is  so  clearly  realized  that  the  symptoms  are 
often  recognized  even  l)y  laymen,  and  the  microscopic  diag- 
nosis is  easy  to  make,  we  can  expect  a  distinct  advance  in 
the  successful  treatment  of  these  important  cases  as  soon 
as  the  })eo})le  appreciate  the  danger  now  existing.  Accu- 
rate recognition  of  the  sick,  careful  treatment,  controlled  by 
examination  of  the  feces,  and  re])eated  until  perfect,  will 
lessen  tlu'  supply  of  ova  to  a  gi'cat  extent. 

But  not  altogether.  There  I'emains  the  great  and  im- 
portant class  of  hookworm  carriers — of  ])eoi)le  either  with 
no  symptoms,  or  with  symptoms  so  mild  as  to  go  unnoticed, 
but  with  from  a  few  to  a  cou])1e  of  hundi-ed  worms,  most  of 
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wliicli  will  live  for  several  years,  laying  eggs  in  large  num- 
bers all  the  time,  and,  in  hookworm  localities,  keeping  rein- 
fected for  longer  periods.  These  people  are  all  the  more 
dangerous  because  they  are  not  supposed  to  be  sick,  just 
as  a  child  with  mild  scarlet  fever  or  diphtheria  is  more 
likely  seriously  to  infect  a  whole  school  or  community  than 
one  with  a  severe  case  that  will  be  promptly  isolated.  The 
hookworm  carriers  require  methods  of  hygienic  treatment 
not  necessary  for  cases  of  illness  of  obvious  kinds.  As  they 
are  not  indisposed,  they  will  not  consult  physicians;  but,  as 
they  are  menaces  to  the  health  of  the  community,  it  is  evi- 
dently the  duty  and  within  the  power  of  the  health  authori- 
ties to  search  them  out  and  deal  with  them  as  if  they  were 
sick,  and  to  see  they  become  harmless.  This  not  only  in- 
volves a  new  exercise  of  the  police  power  already  possessed 
by  boards  of  health,  which  seem  arbitrary  to  those  who  have 
barbarous  ideas  of  personal  liberty,  but  is  a  task  beyond 
the  physical  al)ility  of  the  usual  health  administration  as 
now  constituted.  Hookworm  eradication  requires  an  ade- 
quate sanitary  organization,  which  would  bring  many  bene- 
fits besides  checking  hookworm  infection. 

It  would  be  necessary  to  make  periodic  examinations  of 
all  persons  living  in  localities  and  under  conditions  favor- 
able to  the  existence  of  hookworm  larvje,  and  to  keep 
records  of  all  of  these;  to  examine  all  newcomers,  to  see  that 
treatment  is  carried  out  to  a  successful  degree,  and  that 
patients  or  carriers  once  cured  do  not  become  reinfected,  or, 
if  they  do,  to  treat  them  again.  The  same  authorities 
should  organize  education  in  regard  to  hookworm  disease. 

In  localities  where  the  population  is  known  to  the  health 
officers — as  in  camps,  mines,  tunnel  or  canal  workings — the 
inspection  and  treatment  of  newcomers  could  be  easily  ac- 
complished. In  mills  and  factories,  employers  would  find  it 
to  their  advantage  to  have  the  hands  periodically  examined 
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and  treated.  A  gain  of  20  to  40  percent  of  hemoglobin,  with 
a  corresponding  gain  of  energy,  would  result,  in  towns, 
villages,  or  country  districts  methods  of  surveillance  that 
have  not  as  yet  been  applied  in  America  would  be  neces- 
sary. As  regards  patients,  carriers,  and  suspects,  there 
should  always  be  close  and  cordial  co-operation  between 
practicing  iDliysicians  and  health  authorities. 

The  value  of  accurate  and  careful  methods  under  natural 
disadvantages  has  been  shown  in  many  i^laces  within  the 
last  few  years,  not  only  in  the  Westphalian,  Belgian,  and 
French  coal  mines,  but  especially  in  the  island  of  Porto 
Eico,  where  the  work  of  the  "Anemia  Commission,"  organ- 
ized by  Ashford  and  King,  has  furnished  a  model  of  efficient 
and  economic  administration. 

2.  Prevention  of  soil  infection. — The  next  essential  is  the 
prevention  of  soil  infection.  In  all  countries  al)Out  the 
dwelling  houses,  and  in  all  mines,  tunnels,  or  similar  works 
where  men  handle  earth,  soil  pollution  from  lack  of  care 
in  the  disposal  of  feces  is  the  rule.  If  people  with  hook- 
worms are  present,  the  soil  becomes  infected,  and,  if  the  soil 
and  climatic  conditions  are  favorable,  the  larvae  develop. 
The  Porto  Rico  Commission  (1904)  expresses  the  matter 
clearlv: 

"Uncinariasis  is  pre-eminently  a  tilth  disease.  The  only 
means  of  infecting  the  soil  is  by  evacuation  of  the  bowels 
where  the  ova  in  the  feces  will  later  develop.  If  latrines 
were  generally  used,  uncinariasis  would  forever  disappear. 
.  .  .  [There  is]  al) solute  disregard  for  sanitation  in  this 
respect  in  the  counti'y  districts.  Practically  all  our  Utuado 
cases  stated  that  they  deposited  their  feces  in  the  open 
country,  and  had  no  latrine,  nor  even  a  hole  in  the 
ground,  for  this  purpose.  Our  special  cases  there  are  fair 
examples   of  the   average — of   sixty-one  persons,   tifty-five 
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had  no  latrine.  Six  generally  used  tliem,  but  of  these  four 
lived  in  town.  In  Bayamon  a  much  larger  percentage  were 
more  comfortably  situated  m  life;  three  hundred  and  forty- 
two  were  questioned  on  this  particular,  and  fifty-three 
stated  they  used  latrines;  the  others,  two  hundred  and 
eighty-nine,  never  used  one.  Thus  the  average  individual 
living  in  the  country,  barefooted  and  devoted  to  agricul- 
tural pursuits,  from  time  to  time  acquires  more  and  more 
uncinariasis  from  infections  sown  by  himself  and  his  neigh- 
bors. There  is  a  constant  inflow.  The  time  naturally  comes 
when  the  j^arasites  in  his  intestines  die  of  old  age,  or  some 
accident  which  cuts  their  existence." 

We  do  not  know  to  what  extent  absence  of  latrines  exists 
in  the  hookworm  area  of  the  United  States,  but  our  own 
observations  lead  us  to  agree  with  Stiles  when  he  says 
(1903): 

"As  we  go  into  the  country  and  visit  the  farms  we  not 
infrequently  find  a  condition,  in  respect  to  the  disposal  of 
fecal  discharges,  which  almost  beggars  description.  Tak- 
ing the  rural  districts  visited  during  my  recent  trips  as 
example,  it  is  not  an  exaggeration  to  say  that,  with  the  ex- 
ception of  the  planters'  premises,  not  over  half  of  the  coun- 
try houses  or  huts  of  the  sand  region  have  any  privy  at  all ; 
if  there  is  one  present,  it  is  rarely  properly  cared  for.  Fur- 
thermore, it  is  the  exception  rather  than  the  rule  that  it  is 
used. ' ' 

This  and  the  resistance  of  the  larvae,  along  with  favorable 
conditions  of  temperature  and  moisture,  explain  the  danger 
of  the  disease.  The  larvae  are  scattered  by  rains,  all  traces 
of  the  feces  become  lost,  but  the  porous  moist  earth,  often 
kept  moist  and  protected  from  the  sun  by  decaying  leaves, 
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becomes  permeated  witli  the  larva;  in  tlie  encysted  and  in- 
fections stage.  Mines  in  tlie  United  States,  for  tlie  most 
part,  do  not  [>reseut  J'aNorable  temperature  conditions, 
tliongli  tliere  is  room  for  further  observations  in  regard  to 
the  actual  freedom  of  our  miners  from  infection.  Tiie  coun- 
try is  the  place  where  practically  all  our  American  infec- 
tions take  place,  and  the  great  majority  of  infectious  occur 
near  the  home — in  the  "yard,"  garden,  or  barnyard.  The 
barnyard  is  esjjecially  dangerous  for  many  reasons.  The 
gronnd  conditions  are  often  ideal  for  tlie  development  and 
existence  of  larva\  Chickens,  ducks,  geese,  and  hogs  scat- 
ter the  eggs  aiul  larvit'  in  all  directions.  Actual  feces  would 
be  avoided  by  peo2;)le,  but  the  invisil)le  larvit  can  not  be. 

Tlie  greater  use  of  water  closets  or  privies  in  towns  and 
the  uni\'ersal  wearing  of  shoes  explain  why  hookworm  dis- 
ease is  rarer  in  cities  than  in  the  country,  and  why  the 
anemic  countryman  gTadnall\'  impro\es  after  he  goes  to  the 
city,  and  his  hookworms  die  off  and  are  not  ke2)t  up  by  re- 
infection. Similar  differences  exist  in  general  between  the 
farm  and  the  cotton  mill,  so  that  the  anemic,  poorly  nour- 
ished country  girl,  aft(U'  working  for  some  months  in  the 
mill,  shows  such  a  contrast  with  her  former  self  as  one 
might  expect  under  ideal  conditions  of  country  life  if  the 
conditions  were  reversed  and  she  went  anemic  from  the  mill 
to  tlie  country.  Similar  improvement  gradually  follows 
when  country  children  go  to  boarding  schools. 

For  the  prevention  of  soil  infection,  the  use  of  some  kind 
of  sanitary  latrine  is  essential.  It  must  be  easily  accessible 
from  llie  house  or  \\'oik|)lace,  so  that  iK'ither  indolence  nor 
feebleness  will  lead  to  the  use  of  less  secure  localities.  Tt 
nnist  be  ke])t  clean  in  all  parts.  It  must  be  inaccessible  to 
animals,  and  must  be  screened  lo  lu'exciit  tlies  and  other  in- 
sects from  traiispoi-ting  material  fi'om  it— a  pi'iM-aution  even 
moi'c  valuable  foi'  the  pi'CN'ention  of  txphoid  fever. 
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The  coustructiou  may  vary  with  the  local  conditions,  es- 
pecially as  regards  water  supply,  sewerage,  and  soil.  When 
there  is  a  proper  sewerage  system,  water-closets  are  best. 
The  ova  can  not  develop  in  the  sewage,  or,  if  they  do,  will 
be  swept  away;  and  if  the  final  disposal  of  the  sewage  is 
what  it  should  be,  no  harm  can  follow. 

When  the  nature  of  the  ground  permits,  and  there  is  no 
danger  of  contaminating  wells,  deep  cesspools  are  very  ef- 
ficient. These  can  be  built  as  septic  tanks,  with  arrange- 
ments for  flushing  when  desired,  and  for  using  the  waste  as 
fertilizer,  as  devised  by  Mr.  Philbrick,  quoted  in  Parkes' 
Manual  of  Hygiene. 

Shallow  pits  or  boxes  are  objectionable  for  many  reasons, 
but  sometimes  offer  the  only  method  available.  In  such 
cases  they  should  be  treated  every  day  with  slacked  lime,  in 
order  to  disinfect  not  only  against  possible  hookworm 
larvae,  but  also  against  the  germs  of  typhoid  fever.  Leak- 
ing of  the  contents  must  be  prevented,  especially  washing 
away  from  heavy  rains,  which  could  scatter  the  larvae. 

A  better  arrangement  is  the  movable  pail  system.  In 
this,  water-tight  galvanized  iron  pails  or  buckets  are  kept 
under  the  seat  of  the  closet.  When  a  jDail  is  put  in  position, 
as  after  each  cleaning,  a  thin  layer  of  sand  is  put  in  the  bot- 
tom. Enough  crude  carbolic  acid,  diluted  witii  twenty 
times  its  bulk  of  water,  may  be  poured  into  the  pail.  The 
pail  must  be  easily  accessible  either  from  the  front  or  back. 
As  often  as  necessary  it  is  taken  out,  the  contents  buried  in 
a  pit  or  trench,  covered  over  with  earth  and  quicklime,  the 
pail  cleaned  and  disinfected,  and  replaced  in  position. 

The  contents  of  the  pail  may  also  be  treated  in  a  septic 
tank,  in  which  case  no  disinfectant,  such  as  carbolic  acid, 
can  be  used.  They  should  not  l)e  put  where  they  can  be 
washed  away  by  rain,  nor  used  as  fertilizer,  unless  after  re- 
maining at  least  three  weeks  in  the  sejDtic  tank.     They  must 
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not  bo  i)iit  on  a  iiiaiiiiie  pile,  nor  left  where  animals  can 
scratch  over  them. 

These  arrangements,  however,  do  not  snflice  for  the  needs 
of  conntry  life,  as  privies  near  or  in  lionses  can  not  be  ntil- 
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Fis'.  4S.  A  sanitary  privy,  desisneLl  to  pro\ent  tlie  spread  of  disease. 
]f  a  privy  of  this  tyi)e  were  built  on  every  I'arni  and  in  every  yard  in  vil- 
lages, and  if  tliis  v>rivy  were  used  l)y  all  pei'sons.  typhoid  fever,  hookworm 
disease,  and  various  other  maladies  would  almost  or  entirely  disappear. 
(After  Stiles.) 


ized  at  all  times  by  all  people.  It  is  necessary,  therefore,  on 
plantations,  truck  gardens,  frnit  or  turpentine  orchards,  or 
at  charcoal  furnaces,  and  similar  places  to  have  some  sani- 
tary closet  near  the  workmen.     'J'his  may  l)e  a  properly  con- 
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structed  privy,  if  the  conditions  warrant,  or  a  portable 
privy,  or  a  shelter  of  some  kind  over  a  pit  or  trench.  In 
such  cases  it  should  be  a  rule  that  dry  earth  and,  if  pos- 
sible, quicklime  should  be  used  with  a  shovel  to  cover  the 


tS^M^ 


Fig.  49.      A  sanitary  privy  very  similar  to  tliat  sliovvn  in   Fig.   48.      (After 
Stiles.) 


feces,  and  here,  too,  the  danger  of  flooding  in  rainstorms 
must  be  avoided. 

It  is  interesting  to  see  that  Moses,  who  gained  his  hy- 
gienic ideas  in  Egypt,  the  classic  home  of  hookworm  dis- 
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eas(\  oi'dered  for  liis  ])oo])l('  a  precaution  that  ini^'lit  still 
1)0  acted  ui)oii  with  ad\aiita,n'e  by  all  who  li\'e  on  the  land  in 
liookwonn  countries.  Whether  it  was  as  necessary  in  the 
Sinaitie  desert  as  in  tlie  Nile  valley  may  l)e  questioned,  bnt 
there  can  be  no  donbt  of  its  usefulness  in  many  populous 
cultivated  lands.  Moses  said  (Deuteronomy  xxiii,  12,  1.'!) : 
''Thou  shalt  have  a  ])l;ice  also  without  tlie  cain]^,  whither 
thou  shalt  ,i>'0  forth  abroad;  and  thou  shalt  have  a  paddle 
(or  shovel,  in  Porto  T\ico  the  machete  or  cutlass,  carried  by 
ever}^  lal)orer,  is  recommended)  among-  thy  weapons;  and  it 
shall  be  when  thou  sittest  thee  down  abroad,  thou  shalt  dig 
therewith,  and  shalt  turn  l)ack  and  cover  that  which  cometli 
from  thee," 

In  mines,  tunnels,  canal  cuttings,  Itrickyards,  and  similar 
works  sanitary  closets  should  l)e  placed  wherever  there  is 
likely  to  l)e  a  need  for  them,  and  their  use  insisted  upon. 
In  the  tropical  climate  of  warm,  moist  mines  this  is  essen- 
tial on  account  of  the  unusually  favorable  conditions  for  the 
development  and  continued  existence  of  the  lar^•;^  in  such 
places. 

It  is  instructive  to  see  what  can  l»e  accomi)lished  with  dif- 
ferent metliods  of  pro])hylaxis  on  the  lines  described.  In 
several  mines  in  England,  Belgium,  and  Germany  etforts 
liave  been  made  on  such  a  scale  as  permits  useful  con- 
clusions. 

At  the  Dolcoalli  mine  of  Cornwall,  when  Boxcott  and 
Haldane  (Joiin/dl  of  Ni/f/in/c,  vol.  D,  November,  1900,  pages 
264 — 270)  began  their  investigations  in  1002.  the  following- 
conditions  ])revailed : 

"Without  exliaustive  search  they  found  among  the  seven 
hunch'ed  and  fifty  miners  ein]iloyed  underground  fourteen 
men  with  less  than  50  percent  hemoglobin,  and  nineteen 
more  witli  less  tlian  75  ]iercent.     The  general  ]tallor  of  the 
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men  as  a  whole  was  very  striking,  and  complaints  of  short- 
ness of  breath  on  climbing  ladders  were  freqnent.  The  dis- 
ease was  a  material  hindrance  in  carrying  out  the  work  of 
the  mine.  Examinations  of  the  men  who  complained  of  no 
symptoms  showed  that  practically  every  underground 
worker  was  infected.  The  sanitarv  circumstances  of  the 
mine  were  extremely  unsatisfactory.  There  were  no  special 
arrangements  for  the  reception  of  excreta  underground,  and 
the  whole  of  the  workings  were  extensively  soiled  with 
feces. 

"Industrial  efficiency  was  obviously  confronted  here  with 
a  problem  of  some  importance.  The  steps  taken  to  escape 
the  consequences  of  ankylostomiasis  were  simple,  practical, 
and  apjoarently  efficacious.  ...  It  was,  in  the  great 
majority  of  cases,  very  easy  to  cure  those  actually  sick  by 
the  repeated  administration  of  appropriate  anthelmintics. 
The  effects  of  this  treatment  have  been  entirely  gauged  l)y 
the  clinical  results.  No  serious  attempt  has  been  made  to 
ascertain  whether  all  the  worms  had  been  killed  in  any 
particular  case  if  the  man's  general  condition  improved  so 
far  that  he  was  able  to  return  to  work.  Having  been  re- 
stored to  a  condition  of  efficiency,  the  men,  therefore,  re- 
turned to  work  in  a  place  which  was  still  infected.  They 
were,  of  course,  reinfected  again  and  again;  any  return  of 
symptoms  was  noted  at  once  and  corrected  by  a  dose  of 
thymol.  In  this  way  actual  sickness  from  ankylostomiasis 
has  been  practically  abolished." 

At  the  same  time  steps  were  taken  to  introduce  sanitary 
reforms  into  the  underground  workings.  In  1905  a  special 
rule  was  established  by  the  secretary  of  state  for  metal - 
liferous  mines  in  Dcnoii  and  roi'uwall.  as  follows: 

"The  owner,  agent,  or  manager  shall   cause  a  sufficient 
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iiiimber  of  suitable  sanitary  conveniences  to  be  provided 
above  and  below  ground  in  suitable  and  convenient  places 
for  the  use  of  the  persons  employed,  and  to  be  kept  con- 
stantly in  a  clean  and  sanitary  condition,  and  no  persons 
shall  relieve  his  bowels  below  ground  elsewhere  than  in 
these  conveniences.  No  person  shall  soil  or  render  unfit 
for  use  in  any  way  any  convenience  or  sanitary  utensil  or 
appliance  provided  for  the  use  of  the  persons  onployed." 

In  1904  such  sanitary  appliances  were  actually  in  use  in 
Dolcoath  in  the  form  of  loose  buckets  or  pails,  which  could 
easily  be  brought  to  the  surface,  emptied,  and  cleaned.  In 
1908  "the  conditions  underground  had  been  immensely  im- 
proved, the  pails  were  properly  used,  and  it  was  very  un- 
common for  the  men  to  fail  to  nse  them.  .  .  .  We  could 
find  no  feces  where,  as  previous  experience  had  shown,  they 
would  be  most  probably  found.  The  general  appearance  of 
the  men  was  quite  different,  and  there  was  none  of  the 
anemia  which  had  been  so  obvious  five  years  before.  On 
carefully  going  through  two-thirds  of  the  underground 
hands  we  found  only  one  case  of  definite  anemia  in  the  per- 
son of  a  boy.  There  was  only  one  man  away  from  work 
with  symptoms  which  could  possilily  be  due  to  ankylos- 
tomiasis." Examinations  showed,  however,  that  76  per- 
cent of  the  hands  examined  were  infected,  so  that  the  im- 
proved sanitary  condition  had  put  an  end  to  material  ill- 
ness, but  had  hardlv  anv  effect  on  the  number  of  men  in- 
fected.  "The  sanitary  pail  system  has,  therefore,  evidently 
had  a  great  effect  in  reducing  the  infectivity  of  the  mine." 

Boycott  and  Haldane  compare  the  results  with  the  more 
intensive  measures  taken  in  Belgium  and  Westphalia.  In 
the  latter  every  hookworm  carrier,  as  well  as  patient,  is 
searched  out,  kept  away  from  work  on  compensation  wages, 
and  treated  until  repeated  examinations  fail  to  show  any 
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eggs  in  the  feces.  He  is  then  allowed  to  return  to  under- 
ground work;  but  the  workings  are  still  infective,  and  he 
"becomes  reinfected  and  the  whole  process  has  to  be  gone 
through  again  and  again." 

In  mines,  more  than  most  other  places,  disinfection  of 
the  ground  might  seem  possible,  but  the  conditions  in  large 
and  old  mines  are  such  as  to  make  this  very  difficult.  As 
has  been  shown  in  Chapter  III,  hookworm  larvos  are  diffi- 
cult to  attack.  In  the  laboratory  they  will  live  more  than 
a  year.  In  coal  water  they  live  two  or  three  weeks,  and 
have  been  found  alive  in  the  sludge  of  mines  closed  up  for 
ten  months.  They  are  sensitive  to  many  disinfectants,  but 
there  is  difficulty  in  applying  disinfectants  to  miles  of  mud 
and  water,  and  to  wet  timbers.  It  is  also  difficult  to  find 
efficient  disinfectants  that  will  not  vitiate  the  air,  or  injure 
the  boots  of  the  men  or  the  plant  in  the  mine.  Many  sub- 
stances have  been  tried;  Belger  alone  experimented  with 
41.  Ferrous  suli^hate  in  1-percent  solution  is  one  of  the 
most  promising,  and  is  more  etfective  than  cupric  sulphate; 
silver  nitrate,  0.05  to  0.025,  and  sodium  hydrate  or  j^otas- 
sium  hydrate  in  1-percent  solution  kill  quickly.  Manga- 
nates  and  permanganates  have  a  decided  effect,  but  are  too 
costly  and  oxidize  too  rapidly  to  be  useful.  The  efficacy  of 
sodium  chloride  has,  however,  been  shown  by  Boycott  and 
Haldane  and  by  Calmette,  while  Manouvriez  and  Tirelli 
have  shown  that  mines  with  saline  waters  do  not  become  in- 
fected with  hookworm,  and  in  some  mines  or  tunnels  it 
might  be  found  useful. 

Boycott  and  Haldane  admit  the  superiority  of  the  Ger- 
man system  in  reducing  the  number  of  hookworm  carriers. 
This  system,  as  mentioned  above,  is  one  of  active  search 
for  ova  in  feces,  with  treatment  followed  up,  and  education 
of  the  men.  It  was  taken  up  after  sanitation  had  been  tried 
and  failed.     The  failure  depends,  in  part,  upon  the  difficul- 
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ties  mentioned.     In  tlie  coal   mines  of  the  Kulir  Basin  in 
Westphalia  the  prop(n'tioii  of  infected  men  fell  as  follows: 

1904 13,861 

1905 4,024,  or  18  per  1,000 

1906 3,12.3,  or  11  per  1,000 

19(17 1.851,  or  6  per  1.000 

1908 1,171,  or  3  per  1,000 

In  the  coal  held  of  Liei-e,  under  the  care  of  Lambiiiet  and 
Malvoz,  the  proportion  fell  from  26  percent  to  4  percent  in 
two  years. 

Ill  Brennberg,  Goldmann  saw  a  reduction  from  85  i)ercent 
in  1895  to  8  percent  in  lOO-t. 

Toth  in  Schemnitz  (TTnngary)  found  the  miners'  wages 
increased  (JO  percent  after  pro]»liylactic  measures  were  car- 
ried out. 

Brnns,  from  Dortmund,  Germany,  reported  a  reduction  in 
the  proportion  of  infected  miners  from  35  percent  to  0.1 — 
0.2.  or  from  14,716  cases  to  1 ,252. 

While  all  these  improvements  have  been  very  costly,  they 
are  profitable  in  the  end,  and  they  indicate  the  task  that  a 
country  infested  with  hookworm  has  in  order  to  become 
free  from  the  tax  on  life  and  health  caused  by  that  parasite. 

In  the  open  country  chemical  disinfection  is  almost  out  of 
the  question.  Lime  in  (piantities  sufficient  only  for  fer- 
tilizer would  not  be  very  efficient.  In  lai'ger  amounts  it  is 
one  of  the  best,  as  it  combines  heat  with  disinfection.  Salt 
and  other  more  powerful  disinfectants  would  either  kill 
vegetation  or  l)e  dangerous  to  live  stock,  while  the  cost 
would  prohibit  their  use. 

In  hookworm  countries  the  winter  cold  does  not  kill 
larva\  Oliver  froze  them  re]»eatedly,  and  kept  them  frozen 
for  six  days,  but  after  genth»  thawing  they  i-evived  and  gave 
rise  to  sti-onger  and  more  vigoi'ous  larva'  than  those  not  so 
ti'eated. 


PROPHYLAXIS. 


203 


Direct  sunlight  can  kill  them,  but  usually  only  when  it 
dries  them  up.  They  resist  the  sun  in  northern  Europe, 
and,  although  Leichtenstern  could  not  find  them  in  the  clay 
of  brickyards,  they  find  in  some  parts  of  such  places  more 
favorable  environment. 

Drying  land  by  ditching  or  drainage  would  do  good  in 
many  places.  Plowing  is  useful  in  some  cases,  and  in 
others  the  grass  may  be  burned  over  to  kill  the  larvse. 

Sugar  fields  were  found  by  the  Porto  Rico  Commission 
to  be  rarely  the  sources  of  infection,  the  plowing  and  sun 
causing  the  death  of  the  larvae.  Tobacco  fields  also  are 
only  slightly  dangerous. 

The  larvae  are  killed  in  deep  or  moving  water,  but  can 
live  for  long  periods  in  shallow  water  along  the  edges  of 
streams — just  the  places  that  are  used  for  wading,  or  in 
some  countries  by  washerwomen  and  water-carriers — and  in 
small  puddles.  Moist  earth — especially  if  sandy,  so  as  to 
retain  moisture,  or  shaded  by  vegetation — offers  ideal  con- 
ditions for  the  life  of  larvae,  and  should  be  treated  accord- 
ingly in  hookworm  countries. 

3.  Prevention  of  infection  by  larvae. — On  account  of  the 
difficulty  of  preventing  the  life  and  development  of  larvae 
in  places  where  men,  women,  and  children  work,  it  is  essen- 
tial to  lessen  the  danger  of  infection  by  education.  We 
believe  that  the  problem  can  never  he  solved  without  this. 
From  the  history  of  some  other  sanitary  movements  in 
America  it  is  possible  that  the  importance  of  this  will  not  be 
recognized  by  health  officers  and  legislative  bodies.  It  is 
interesting  to  see  the  views  of  Ashford  and  King,  formed 
among  a  people  that  might  l)e  considered  even  less  capable 
than  our  own  of  education  in  matters  of  sanitation.  Stat- 
ing that  education  would  make  unnecessary  the  laws  re- 
garding latrines,  they  tell  how  laborers  in  Porto  Eico  an- 
noyed their  foreman  by  asking  for  latrines,  and  from  that 
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island,  with  its  iiielaiiclioly  history  oi'  ignorance  and  oppres- 
sion, they  write: 

''Law  is  not  the  instrument  best  fitted  to  compel  a  man 
to  l)e  clean  and  live  np  to  the  rules  of  hygiene.  Legisla- 
tion concerning  sncli  matters  wonld  lie  dormant  in  the 
statute  books  until  j^eople  learn  to  appreciate  the  |)hi- 
losophy  and  s])irit  that  originate  such  measures." 

Every  one  living  in  a  hookworm  country  should  l)e  taught 
the  essential  facts  about  liookworms  and  their  effects.  Act- 
ual specimens,  charts  and  diagrams,  illustrations  of  pa- 
tients before  and  after  treatment,  and  clear  descriptions 
should  be  available  and  used  frequently  by  health  officers, 
school  teachers,  and  all  others  who  may  have  the  authority 
or  opportunity. 

It  is  a  reflection  on  the  common  sense  of  the  country  that 
we  have  for  years  been  spending  time  and  money  teaching 
school  children  the  evil  effects  of  alcohol,  tobacco,  pork, 
and  coffee,  while  the  children  were  in  many  cases  being 
killed  by  hookworms  before  they  were  tempted  to  drink 
whisky  or  even  to  smoke.  It  is  especially  important  here 
to  emphasize  the  fact  that  skin  infection  is  the  most  serious 
danger — the  method  of  infection  par  excellence,  as  it  has 
been  called.  Formerly  much  stress  was  laid  upon  mouth 
infection,  which,  though  rare  on  the  whole,  nuiy  occur. 
People  sliould.  therefore,  be  warned  against  soiling  the 
mouth  with  muddy  hands;  eating  with  muddy  hands;  eat- 
ing muddy  vegetables  or  fruit;  drinking  muddy  water,  or 
drinking  from  muddy  receptacles;  accidental  swallowing 
of  water  while  loathing;  earth  eating;  carrying  home  muddy 
clothes  that  might  soil  the  hands  of  wife  or  child;  cleaning 
muddy  boots;  crawling  of  children  on  the  earth,  which  they 
put  into  their  mouths;  handling  nmd-bedraggled  dresses; 
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eating  of  sweets  made  in  dirty  houses.  The  danger  is  es- 
pecially great  with  wet  or  moist  earth.  But  it  can  not  be 
too  often  repeated  that  in  the  great  majority  of  cases  in 
America  ground  itch  is  the  origin  of  hookworm  infection. 

It  is  fortunate  that  most  peojDle  living  in  hookworm  dis- 
tricts know  ground  itch  by  that  name  or  one  of  its 
synonyms,  and  realize  where  and  how  they  contract  it.  If 
such  people  could  be  taught  that  ground  itch  is  the  usual 
beginning  of  hookworm  disease,  the  skin  lesion  would  as- 
sume an  importance  far  greater  than  it  now  has,  and  it 
should  be  much  easier  to  induce  methods  of  prevention.  In 
our  opinion  the  first  and  most  important  measure  to  be 
undertaken  in  the  crusade  against  hookworm  disease  in 
America  is  wide  dissemination  of  the  facts  regarding 
ground  itch,  conveying  the  information  that  when  ground 
itch  is  prevented  there  will  be  no  hookworm  disease. 

Where  ladders  are  used  in  infected  mines,  the  workmen 
must  be  warned  against  the  danger  of  infection  either 
through  the  skin  of  the  hands  and  arms,  or  the  mouth  by 
putting  infected  food  or  the  fingers  into  the  mouth.  Mine 
timbers  have  been  found  infected  as  high  as  a  meter  above 
the  ground. 

Gardeners,  and  those  who  handle  vegetables  or  fruit  that 
may  be  infected,  should  be  warned  about  hand  or  hand-to- 
mouth  infection. 

Bathing  in  common  in  tubs  should  not  be  practiced  by 
workmen,  such  as  miners,  or  country  children.  Shower 
baths  should  be  used. 

In  all  occupations — such  as  mining,  farming,  or  garden- 
ing-— where  hookworm  prevails,  placards  and  other  notices 
should  be  posted,  warning  the  hands  against  the  danger  of 
skin  infection,  as  well  as  of  soil  or  water  contamination  in 
general. 

In  hookworm  localities  the  habit  of  going  barefoot  should 
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be  avoided.  The  daiii^er  of  a  .siii.i-le  cxpeiieiice,  as  in  wad- 
ing, should  he  cleai'ly  understood.  Those  w  ho  work  in  in- 
fected soih— as  in  mines,  tuiiiicls,  or  Hchls — shonhl  realize 
tlie  (huigei-  of  defectiN'e  hools.  It  is  also  possible  that  hoots 
soaked  for  hours  in  Jiookworui  iid'ected  water  may  )te  pene- 
trated by  larva>.  Bass  fonnd  kid  gloves  conld  l)e  pene- 
trated, and  Tenliolt  fonnd  that  okl  l)Oots  harbored  the 
]arva\  A'arions  substances  have  been  recommended  for 
the  treatment  of  boots,  snch  as  grease  or  water-proohng 
materiaL 

The  larvip  sink  so  rapidly  in  water  tliat  (b'inking  from 
deep  pools  does  not  involve  iinich  danger. 


CHAPTER  X. 


TREATMENT. 


Ground  itch  is  usually  treated  by  somebody  other  than 
the  physician,  or  not  at  all.  Of  the  home  remedies  may  be 
mentioned  bathing  the  feet  in  hot  salt  water,  mullein  tea, 
"red  oak  ooze,"  application  of  peach  tree  leaf  poultices, 
various  salves  and  ointments,  mcluding  application  of  fresh 
turpentine  from  pine  trees,  etc.  Another  favorite  remedy, 
especially  for  the  fissured  toes,  is  to  tie  around  them  a  wool 
cord  saturated  with  tallow.  Bentley  recommends  in  the 
papular  and  early  vesicular  stages  of  the  disease  the  ap- 
plication of  a  strong  solution  of  salicylic  acid  in  collodion 
or  alcohol.  This  will  cause  the  eruption  to  dry  up,  and  cut 
short  the  attack  of  the  disease  to  one  or  two  days.  If  pus 
has  formed,  the  pustules  should  be  opened  up  and  disin- 
fected with  pure  carbolic  acid,  silver  nitrate,  or  nitric  acid. 
When  great  swelling  occurs,  it  may  be  necessary  to  make  a 
few  free  skin  incisions  and  then  to  use  hot  foot  baths. 

Dalgetty  advised  the  application  of  a  strong  solution  of 
lime  and  sulphur,  or  a  strong  phenyl  (benzol)  solution;  also 
recommended  as  a  wash,  10  parts,  with  soap  5  parts,  and 
water  to  make  100  parts;  or  the  affected  area  may  be  painted 
with  coal-tar  to  prevent  infection  with  pyogenic  bacteria. 

Stiles  quotes  the  following  from  an  anonymous  writer  in 
the  Journal  of  Tropical  Medicine  (11)00) : 

•'The  indications  are  to  get  the  case  as  soon  as  possible; 
to  carefully  cleanse  the  foot  by  soaking  it  in  warm  antisep- 
tic solution;  then  open  the  vesicles  with  sharp-pointed  scis- 
sors, snip  the  loose  skin  away,  and  finally  wash  the  parts 
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with  carbolic  acid  solution  (1  to  40),  and  treat  the  resulting 
ulcer  with  carbolic  acid,  phenyl  oil,  zinc  ointment,  etc.,  ac- 
cording to  circumstances.  The  soaking,  washing,  and  dress- 
ing operations  are  repeated  once  or  twice  daily,  and  heal- 
ing takes  place  in  eight  or  nine  days  in  favorable  cases. 


>  J 


The  larvae  remain  in  the  skin  so  short  a  time  before  they 
get  into  the  deep  circulation,  and  entirely  out  of  reach  of 
local  remedies,  that  it  is  not  practical  to  make  applications 
that  would  even  promise  to  affect  them.  Only  symptomatic 
treatment,  therefore,  is  to  be  instituted.  The  most  dis- 
tressing symptom  is  terrible  itching,  which  often  causes  the 
patient  to  do  considerable  harm  by  scratching,  producing 
raw,  inflamed  areas,  especially  in  the  folds  between  and 
beneath  the  toes.  Deep  fissures  may  occur.  These  often 
become  infected  and  pus  is  formed.  Any  antiseptic  sooth- 
ing application  may  be  of  service  for  the  itching  and  to  pre- 
vent secondary  infection.     The  following  is  recommended: 

R     Salicylic    acid 5  grains. 

Zinc  oxide  ointment 2  drams. 

Vaseline   2  drams. 

Mix. 

Sig. :     Apply  locally,  twice  daily. 

It  is  especially  important  to  keep  the  foot  bandaged  or 
covered  to  prevent  scratching  and  rubbing.  Frequent  hot 
bathing  seems  to  hasten  the  healing  process.  This  is  prob- 
ably due  to  the  increased  circulation  induced,  hastening  re- 
moval of  the  toxic  substances  causing  the  irritation. 

The  laity  should  be  taught  that  the  common  ''toe  itch"  or 
ground  itch  is  not  a  trivial  matter,  but  that  a  physician 
should  be  consulted  at  once.  Proper  advice  and  treatment 
at  this  time  may  prevent  the  development  of  severe  disease 
later.  An  important  function  of  the  physician  called  to 
treat  a  case  of  ground  itch  is  to  urge  the  patient  to  sjDit  out 
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everything  coughed  up  for  several  days  afterwards,  ex- 
plaining that  swallowing  the  sputum  probably  means  swal- 
lowing larvse  of  dangerous  worms. 

Treatment  Before  Ova  Appear  in  the  Stools. 

Whether  treatment  to  kill  worms  in  the  intestinal  canal 
should  be  instituted  before  they  have  had  time  to  mature 
and  begin  laying  can  not  be  stated  positively.  Ashford  and 
King  saj^  they  know  of  many  cases  in  which  thymol  given 
previous  to  maturity  of  the  worms  failed  to  expel  them,  and 
believe  with  Leichtenstern  and  other  German  writers  that 
this  may  be  due  to  the  better  protection  given  the  small 
worms  by  mucus  and  folds  of  mucous  membrane.  If  we 
recall  the  development  of  the  worms  in  the  gut,  little  or  no 
result  could  be  expected  from  treatment  until  after  the 
infection  had  existed  for  several  days  at  least.  Though  it 
has  been  shown  experimentally  that  larvas  may  reach  the 
lungs  in  three  hours,  it  may  require  considerably  more  time 
for  them  to  reach  the  bowel,  as  is  shown  in  Chapter  III,  and 
when  they  do  reach  it  they  are  still  in  the  encysted  con- 
dition, in  which  they  are  able  to  resist  chemical  agents 
wonderfully  well.  They  were  found  by  Looss  nine,  ten, 
and  eleven  days  after  infection  in  l)lood  cysts  and  still  in 
the  encysted  condition.  Lambinet  states  that  the  encysted 
larvae  are  not  killed  in  a  2-percent  solution  of  corrosive  sub- 
limate after  an  exj^osure  of  six  hours,  nor  in  a  25-percent 
sulphuric  acid  solution  in  three-quarters  of  an  hour.  We 
do  not  know  of  any  experiments  to  determine  the  effect  of 
thymol  on  encysted  larvae,  but  from  the  foregoing  we  think 
it  is  not  likely  to  kill  them.  Bruns  concluded,  after  months 
of  laboratory  experimentation  with  every  sort  of  chemical 
disinfectant,  that  none  has  vet  been  found  to  kill  the  en- 
capsuled  larvas  so  surely  that  it  can  be  practically  used. 
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At  least  as  early  as  about  fourteen  or  fifteen  days  after 
infection  the  worm  is  provided  with  a  luiccal  capsule, 
whereby  it  attaches  itself  to  and  feeds  on  the  mucous  mem- 
brane. From  this  time  on  the  parasite  is  just  as  much  ex- 
posed to  the  action  of  drugs  as  it  is  after  maturity  and  egg- 
production  are  established.  Our  personal  experience  does 
not  permit  us  to  speak  with  certainty  on  this  point,  but  w^e 
Ijelieve  from  the  above  facts  that  treatment  should  be  begun 
fourteen  or  tifteen  days  after  the  infection,  and  that  satis- 
factory results  will  follow.  The  same  treatment  should  be 
instituted  after  an  attack  of  ground  itch  as  if  eggs  were 
present  in  the  stools.  Two  or  three  courses  of  thymol  or 
beta-naphtol  should  be  given  about  one  week  apart.  This, 
we  believe,  would  get  rid  of  luost,  if  not  all,  of  the  worms 
before  they  reach  matui'ity  and  luive  done  nmch  harm. 
The  stools  should  be  examined  at  the  jtroper  time,  and  from 
two  to  three  months  after  the  attack  of  ground  itch,  for 
eggs  of  any  worms  that  may  have  escaped  previous  treat- 
ment. 

Treatment  of  Hookworms  in  the  Intestine. 

It  is  important  to  understand  the  conditions  that  must  be 
met  in  the  treatment  of  hookworm  infection.  The  worms, 
three-eighths  to  three-fourths  of  an  inch  long,  lie  in  the 
small  intestine,  especially  the  jejunum.  The  head  and  some- 
times one-hfth  or  more  of  the  body  of  the  worm  is  buried 
in  the  nuicosa,  and  the  whole  body  surrounded  and  pro- 
tected by  any  food  that  may  be  in  the  gut,  but  especially  by 
thick  and  tenacious  mucus,  wliich  is  almost  always  present. 
The  normal  amount  of  mucus  is  increased  by  the  ii'ritation 
l)roduced  by  the  feeding  of  many  worms.  Remedies  used 
against  the  worms  affect  or  kill  them  by  local  action,  and 
the  first  ste})  in  the  treatment  is  to  remove  this  protection 
of  chyme  and   nuicus,   so   the  drug   may   come  in  contact 
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with  the  worms.  To  secure  an  empty  alimentary  canal  is 
not  easy.  One  who  has  had  occasion  to  examine  stools 
passed  after  the  bowels  are  supposed  to  have  been  thor- 
oughly emptied  by  a  purgative  must  be  impressed  with 
this  fact.  Sometimes  large  evacuations,  containing  recog- 
nizable food  remains,  occur.  The  upper  portions  of  the  gut 
can  be  pretty  thoroughly  freed  from  food  material  by  a 
large  dose  of  some  salts — Rochelle,  Epsom,  or  Grlauber's. 
On  theoretical  grounds,  and  as  the  result  of  clinical  experi- 
ence, we  believe  that  sodium  sulphate  dissolves  and  removes 
the  intestinal  mucus  best.  Many  believe  that  calomel  or 
calomel  and  podophyllin  are  better.  The  Porto  Rico 
Anemia  Commission  tried  podophyllin  extensively  for  the 
initial  purge,  but  concluded  that  it  had  no  advantage  over 
sodium  sulphate,  and  that  its  drastic  action  may  be  harmful 
to  weak  patients.  It  is  highly  recommended  by  German 
writers  for  its  destructive  action  on  the  worms  when  given 
in  large  doses.  In  the  usual  doses,  up  to  3  centigrams  (1/2 
grain),  it  has  no  such  action.  Lambinet  recommends  jalap 
and  calomel  as  a  preliminary  purge.  Lutz  gives  1/2  gram 
(7  1/2  grains)  calomel  and  2  grams  (30  grains)  alcoholic 
extract  of  senna  leaves  one-half  day  before  beginning  the 
specific  treatment  (thymol).  Sandwith  does  not  give  any 
preliminary  purgative,  considering  it  unnecessary.  Die- 
minger  considers  the  preliminary  purge  unnecessary,  espe- 
cially when  male  fern  is  the  anthelmintic  employed.  By  hav- 
ing a  patient  abstain  from  everything  exceiDt  the  most  easily 
digested  diet,  like  milk,  for  twenty-four  hours,  and  giving 
an  ounce  of  sodium  sulphate  at  least  four  hours  after  the 
last  feeding,  the  upper  bowel  is  usually  pretty  well  cleared 
of  food  and  mucus.  More  certain  results  can  be  had  by  giv- 
ing another  similar  purgative  tw^enty-four  hours  l)efore  this 
one.  Ashford  and  King  did  not  consider  preliminary  diet- 
ing practical  with  their  Porto  Rico  cases,  or  especially  need- 
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fill.  Ahijost  all  oilier  autlior.s  adx'i^e  light  diet  or  fastliig 
the  day  before  specific  medication  is  employed.  It  may  not 
be  practical  in  many  instances,  we  admit,  but  we  believe  it 
is  always  advantageous  if  there  is  no  distinct  contraindica- 
tion. After  the  preliminary  jn-ejjaration,  the  drug  selected 
to  kill  or  expel  the  worms  is  to  he  given  as  soon  as  the  peri- 
stalsis from  the  ])in-gative  lias  ceased,  usually  six  to  eight 
or  ten  hours,  '^riiymol,  beta-naphtol,  and  male  fern  are  the 
drugs  most  often  emploj'ed.  Thymol,  first  used  against 
ankvlostoma  duodenale  bv  Bozzolo.  is  bv  far  the  most  gen- 
erally  used  in  America  and  Kugland.  and,  in  view  of  the 
almost  invariably  satisfactory  results  obtained  when  ])i'op- 
erly  administered,  it  seems  all  tliat  could  ])e  desired. 

Dose  of  Thymol. 

The  dose  of  thymol  foi'  inlernal  use,  ac<'ording  to  the 
United  States  Dispensatory,  is  L*  to  10  grains.  It  is  only 
slightly  (1:],100)  soluble  in  water  or  the  gastric  and  intes- 
tinal juices,  and  therefore  little  al)sorption  occurs  when  it  is 
given  undissolved  and  on  an  empty  alimentary  canaL  Used 
as  a  vermifuge,  it  is  not  intended  to  I)e  alisorbed,  and  is 
used  in  much  larger  doses.  Up  to  8  grams,  or  120  grains,  a 
day  have  been  taken  for  several  days  without  disturbance 
of  digestion  or  intoxication. 

Leichtenstern  recommen(h'd  two  oi'  three  (h)ses  of  30 
grains  eacli  at  two-hour  intervals  for  several  days;  Giles, 
25  grains  in  alcoholic  solution  moi'uing,  noon,  and  niglit; 
Sclieube,  60  to  120  grains,  divided  into  four  doses,  adminis- 
tered one  and  one-half  hours  ajtart  and  followed  in  twelve 
hours  l)y  a  purgative;  Ijiitz,  30  grains,  repeated  once  or 
twice  at  two-hour  intervals;  ^Foster  and  Pei]^er,  30  to  150 
grains  in  three  to  six  doses  during  the  day;  Sandwith,  1 
gram  (15  grains)  of  thymol  at  (i  ]>.  m.  and  anotlier  similar 
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dose  the  next  day  at  6  a.  m.  At  8  a.  m.  about  1  oimce  (30 
grams)  of  magnesium  snlphate  is  gi\'en.  Tlie  patient  is  on 
fever  diet  the  first  day,  bnt  gets  his  fnll  dinner  at  noon  the 
second  day.  Manson  gives  30  to  120  grains  of  thymol  in 
divided  doses  within  three  or  fonr  honrs. 

Ashford  and  King  do  not  believe  it  necessary  or  justifi- 
able to  administer  more  than  60  grains  of  thymol  at  a  time, 
or  to  repeat  oftener  than  once  a  week.  Sandwith  says  the 
same  thing. 

Sixty  grains  to  an  adult  is  the  amonnt  almost  universally 
employed  in  this  country  for  a  course  of  treatment  of  hook- 
worm disease.  The  dose  for  children  should  be  in  propor- 
tion to  the  size  or  apjiarent  age.  Ashfoi-d  and  King's  table 
of  doses,  which  we  recommend,  is  as  follows: 

Ages.  Grains. 

Under  5  years  old  in  size IVz 

5  to  10  years  old  in  size 15 

10  to  15  years  old  in  size 30 

15  to  20  years  old  in  size 45 

20  to  60  years  old 60 

Over  60  years  old .■ 30  to  45 

Unfavorable  conditions — such  as  great  weakness,  ex- 
treme anemia,  diarrhea,  cardiac  de]n-ession,  pregnancy,  and 
dropsy — may  require  a  still  smaller  dose  than  that  indicated 
by  the  size. 

Mode  of  administration  of  thymol. — It  is  customary  to 
give  the  drug  in  two  or  three  "broken"  doses,  and  to  give 
them  one  or  two  hours  apart  in  order  to  prolong  the  pres- 
ence of  the  thymol  in  the  upper  bowel. 

Thymol  occurs  in  coarse  crystals.  As  it  acts  only  when 
in  contact  with  the  parasites,  it  is  more  effective  if  finely 
powdered.  This  can  be  done  in  a  few  minutes  in  a  mortar 
with  pestle,  or  on  a  slab  with  a  spatula.  It  tends  to  pack 
together  under  pressure,  or  in  the  mucus  in  the  intestine. 
To  prevent  this,  sugar  of  milk  or  other  inert  soluble  sub- 
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Htaiice  slioiihl  he  mixed  with  it.  Ijindeman  siig'g'ests  e(i[iial 
parts  of  tliN'iiiol  and  sugar  of  iiiili<,  and  we  ihid  that  this 
insures  the  i)r()])er  crnmblini>  oi'  lu-cakirii!;-  np  of  tiie  con- 
tents of  the  eapsnle  or  ^Yafer  wlien  the  latter  is  dissolved. 

We  have  often  found  in  the  stools  of  patients  who  have 
taken  thymol,  coarse  lum]>s,  iind  a  few  times  the  entire  con- 
tents of  a  tii;htly  packed  capsule. 

Thymol  lias  a  pun.i^'ont.  acrid  taste,  and  l)urns  the  mouth 
and  throat.  It  shouhl,  therefore,  be  l»■i^'en  in  cachets, 
wafei'S,  or  capsules.  A  Xo.  0  capsule  will  hold,  without 
packing'  unduly,  5  grains  of  thymol  of  the  mixture  of  equal 
parts  of  tliymol  and  milk  sugar. 

When  necessary  to  administer  it  to  children  who  can  not 
swallow  capsules  or  wafers,  it  may  he  satisfactorily  given 
suspended  in  mucilage  of  acacia  or  some  simple  syrup. 
Burning,  nausea,  and  even  vomiting  may  l)e  caused  by  the 
presence  of  the  pungent  thymol  in  the  stomach.  Vomiting 
can  usually  be  prevented  by  determination  on  the  pnvt  of 
the  patient,  by  lying  on  the  right  si(h^  to  liasten  the  ]iassage 
of  the  medicine  through  the  pylorus,  and  by  refraining  from 
(h'inking  nnich  water.  After  tlie  thymol  has  presumably 
had  time  to  pass  the  part  of  the  small  bowel  wliere  the 
worms  are — that  is,  two  or  three  hours — it  can  not  longer  l)e 
of  service,  and  should  be  gotten  rid  of  by  anotlier  brisk 
pnrgative  of  salts  to  prevent  its  alisorption.  As  thymol  is 
soluble  in  oil,  castor  oil  should  mn-er  be  nsed  for  this  pur- 
pose. The  purgative  is  not  to  move  out  the  worms,  but 
specifically  to  move  out  the  thymol.  All  the  woi-nis  passed 
are  dead,  and  not  nnu-li  wonld  he  gained  by  hastening  their 
removal  from  the  l)owel  after  they  have  lieen  killed.  Suf- 
ficient thymol  may  be  al>sorbed  to  be  harmful  if  allowed  to 
remain  long  enougli.  Besides  oils,  other  solvents — such  as 
alcohol  (tinctures,  whisky,  wines,  brandy,  beer),  ether, 
glycerine,  tur])entine,  acetic  acid  (vinegar),  chloi'oform — 
and  large  amounts  of  water  sliould  be  avoided. 
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Patient  to  remain  in  bed. — On  accoiiut  of  the  increased 
tendency  to  vomit  and  the  marked  increase  of  toxic  symp- 
toms from  thymol  when  j^atients  are  up,  all  of  them  should 
b@  required  to  remain  in  bed  until  the  thymol  is  moved  oif. 
Either  the  bedpan  or  commode  should  be  used  in  the  room. 
We  have  seen  several  patients  get  up  and  walk  al)out 
against  this  instruction  without  experiencing  the  slightest 
inconvenience,  but  Sandwith  says  that  before  adopting  this 
precaution  several  instances  occurred  in  which  patients 
were  brought  l)ack  from  the  water-closets  collapsed  or 
fainting. 

Diet  during-  thymol  treatment. — In  order  to  have  the  ali- 
mentary canal  remain  clear  while  the  thymol  is  present,  ab- 
solutely no  food  or  drink  should  be  allowed,  except  water, 
from  the  time  the  preparatory  purgative  is  given  until  the 
purgative  following  the  thymol  has  acted  well.  If  the 
patient  is  very  weak  and  feels  faint,  or  if  the  burning  in  the 
stomach  is  excessive,  a  little  warm  l)rotli  or  coffee  may  be 
allowed.  We  do  not  employ  these,  however,  except  very 
rarely.  When  one  or  two  free  movements  have  occurred 
after  the  last  purgative,  the  patient  may  begin  to  eat,  and 
his  diet  need  not  be  restricted  unless  there  is  some  special, 
indication.  He  waits  now  several  days,  usually  a  week,  be- 
fore taking  another  course.  Tn  the  interval  the  diet  should 
be  full  and  the  most  nutritious  compatible  witli  the  patient's 
digestive  ability,  which  is  usually  good. 

Selection  of  time  for  giving  treatment. — For  apparent 
reasons,  Sunday  is  a  very  convenient  day  on  which  to  give 
the  treatment,  especially  to  working  people,  school  children, 
etc.,  as  recommended  by  Stiles.  It  is  also  convenient  to 
give  the  preparatory  purge  at  night  and  to  begin  the  thymol 
early  the  next  morning.  The  patient  then  loses  little  sleep 
the  first  night,  and  finishes  the  treatment  before  the  next 
night. 
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We  i;j\'e  our  patients  llic  t'ollowini;-  iiist ructioJi.s,  the  doses 
beiiii;'  for  aii  adnlt: 

All  of  Saturday  hav(>  milk  or  other  light  diet. 

Satui'day,  S  oi'  !>  p.  m.,  take  sodium  sulphate,  1  ounce. 

Sunday,  15  a.  m.,  IM)  grains  thymol. 

Suuday,  7  a.  ni.,  20  grains  thymol. 

Sunday,  8  a.  m.,  20  grains  thymol. 

Sunday,  10  a.  m.,  1  ounre  sodium  suli)liate. 

Until  -i  ]».  111.  do  not  eat  or  drink  aii\  tiling  hut  water,  and 
hut  little  of  that.      I\emain  in  hed. 

After  4  p.  m.  rise  and  eat  what  xoii  want  and  do  what- 
ever you  feel  like  doing. 

Thymol  may  affeet  the  patient  iinfaN'oi-ahly  in  three  gen- 
ei'ai  ways — l)y  intoxication,  liy  irritating  the  Ividneys,  and 
by  irritating  the  stoniacli  am!  intestine. 

Thymol  intoxication  symptoms. — The  effects  of  al)sorp- 
tion  of  a  large  amount  of  thymol  are  headache,  weakness, 
dizziness,  tinnitus,  nausea;  rai)id,  weak  pulse,  and  some- 
times sweating  of  the  face  or  body;  cyanosis  of  li])s  and 
fingers.  The  tem])erature  in  one  instance  fell  5  to  10  d(^- 
grees  F.  Frequently  none  of  these  symptoms  are  felt  ludil 
the  patient  gets  (uit  of  l)ed.  The  intensity  of  the  symptoms 
must,  of  course,  de]>end  on  the  amount  of  thymol  absorbed 
and  the  individual  suscepti]>ility.  Thymol  is  soluble  in  al- 
cohol and  volatile  oils,  and  these  should  be  rigidly  inter- 
dicted. Tn  fact,  the  patient  should  be  instructed  absolutely 
not  to  sw^allow  anything  except  water,  and  to  drink  oidv  a 
small  quantity  of  that.  Many  cases  of  intoxication  are  due 
to  di'inking  too  much  water.  The  importance  of  this  is 
often  overlooked.  Thymol  is  sufficiently  soluble  in  water, 
about  12  grain  to  the  ounce,  foi-  the  patient  to  absor!)  a 
toxic  dose  if  he  drinks  large  quanties  of  water.  The  infre- 
(pient  occui'i'ence  of  toxic  symptoms  tVoin  tli\niol  given  iii 
the   doses   inentioned    is   suggested   bv   the    fact  that   the 
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authors  have  treated  several  hundred  eases  without  ever 
seeing  more  than  a  little  dizziness  and  weakness  as  a  result. 
We  have  heard,  however,  of  alarming  s^inptoms,  but  not  of 
any  fatal  cases.  In  one  instance  a  family  of  four  children 
was  poisoned  by  the  usual  doses  of  thymol  calculated  ac- 
cording to  their  ages.  The  symptoms  were  weakness,  diz- 
ziness, fainting,  and  unconsciousness.  One  child  fainted 
when  returnmg  from  the  water-closet  and  the  other  three 
got  out  of  bed  and  came  to  her  assistance,  but  each  one 
fainted,  and  it  was  necessary  to  carry  all  four  of  them  back 
to  bed.  All  had  been  given  castor  oil  two  hours  after  the 
last  dose  of  thymol,  and  the  one  who  fainted  first  had  eaten 
a  slice  of  bread  and  butter.  In  six  hours  afterward  they 
were  all  in  the  yard  playing.  Two  days  after  the  poison- 
ing the  urine  was  examined  and  found  free  from  albumin. 
We  have  several  times  noted  that  patients  who  complain  of 
dizziness  and  other  symptoms  of  intoxication  seem  to  re- 
cover and  feel  well  remarkably  early  after  the  purgative 
acts  well  and  food  is  taken.     Thev  are  usually  able  to  get 
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up  at  once,  and,  though  unpleasant  recollections  of  the  re- 
cent experience  remain,  the  symptoms  have  entirely  dis- 
appeared. 

Recently  a  university  student  treated  by  our  colleague, 
Dr.  Gage,  took  60  grains  of  thymol  and  two  hours  afterward 
a  drink  of  whiskv  to  ''wash  down"  the  dose  of  salts.  There 
followed  several  free  movements  during  each  of  this  and 
the  next  three  days.  The  patient  was  up  and  felt  fairly 
well,  but  a  little  weak.  On  the  fifth  day  he  had  a  mild  col- 
lapse, with  dizziness  and  severe  headache  lasting  a  few 
hours.  Eructations  tasting  strongly  of  thymol  occurred 
frequently.  During  the  next  three  days  several  dysenteric 
stools  were  passed.  It  was  eight  or  ten  days  before  the 
patient  felt  entirely  well  in  his  head  and  in  his  bowels. 
The  eructations  of  thymol  and  mild  collapse  five  days  after 


L'18  HOOKWOim    DTSEASE. 

it  liad  been  taken  indicate  that  it  had  not  been  eliminated 
in  this  instance,  in  si)ite  of  several  free  l)oweI  iiiovenieiits. 

Pregnancy  contraindicates  the  administration  of  thymol, 
except  nnder  the  greatest  care,  for  fear  of  prodncing  abor- 
tion, wliich  it  occasionally  does.  Nej^hritis  and  consider- 
al)le  edema  are  also  contraindications. 

Ashford  and  King  note  that  in  very  edeniatons  patients 
the  effect  of  large  doses  of  thymol  is  particnlarly  harinfnl. 
By  the  next  tlay  the  edema  is  nuicli  increased  and  often  in- 
volves the  brain.  Albnmin  and  casts  are  increased  in 
iie])hritic  eases  when  large  doses  of  thymol  are  admin- 
istered. 

We  saw,  however,  a  very  severe  case  of  hookworm  dis- 
ease in  a  child  of  16  who  had  GO  percent  of  moist  albnmin 
l)y  the  Pnrdy  acetic  acid  and  ferrocyanide  test  when  she 
was  given  30  grains  of  thymol.  No  nntoward  resnlts  were 
noted,  and  2,760  nncinaria?  were  expelled.  Three  days  after 
the  thymol  was  given  the  nrine  showed  only  18  percent  of 
allmmin  l)y  the  same  test.  The  effect  of  thymol  on  the 
noi'mal  gastro-intestinal  canal  is  occasionally  bnrning  epi- 
gastric pain,  nansea,  and  vomiting,  and  more  or  less  diar- 
rhea. If  diarrhea  or  dysentery  already  exist,  they  are 
])i'om]itly  aggravated  by  large  doses.  In  several  instances 
we  have  seen  loose  bowels,  lasting  two  or  three  days,  follow 
administration  of  thymol.  One  case  had  six  to  twelve 
movements  a  day  for  six  days.  The  rectum  and  anns  are 
irritated  by  thymol  passing  out  with  the  feces,  and,  if 
hemorrhoids  or  fissures  are  present,  this  sym]itom  is  much 
increased. 

The  degree  of  debility  must  be  taken  into  account  when 
considering  the  size  of  the  dose  foi'  a  given  case.  A  very 
weak  subject  should  receive  not  more  than  15  to  30  grains 
the  first  dose,  which  will  usually  relieve  him  so  that  he  can 
resist  a  full  dose  next  time.     Some  English  writers  do  not 
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believe  the  small  doses  accomplish  much,  l»iit  actnallv  large 
numbers  of  worms  are  sometimes  expelled  as  a  result  of 
them. 

The  Porto  Rico  Anemia  Commission  treated  112,580  cases 
of  hookworm  disease  during  the  years  1904  to  1907  in- 
clusive, all,  except  relatively  few,  with  thymol,  and  after 
this  extensive  experience  advise  placing  the  thymol  in  the 
hands  of  patients  to  carry  home  and  take  according  to 
directions.  Boycott  and  Haldane,  as  well  as  many  other 
recent  writers,  have  had  no  dangerous  symptoms  such  as 
were  described  by  some  early  observers,  probably  from  giv- 
ing oil  or  alcohol  after  the  thymol. 

Treatment  of  toxic  symptoms  produced  by  thymol. — Car- 
diac stimulants,  such  as  a  hypodermic  of  a  small  dose  of 
mori^hine  (1/6  grain)  and  atrophine  (1/120  grain),  or 
strychnine  (1/30  grain),  or  digitalhi  (1/100  grain),  are  of 
service  in  combating  toxic  symptoms.  Hot  coffee  has  been 
recommended  for  the  weakness  sometimes  present.  It  is 
customary  with  some  to  give  strychnine  and  digitalis  for  a 
day  or  two  preceding  the  day  thymol  is  given.  This  seems 
unnecessary,  except  with  extremely  weak  patients.  Alco- 
holic stimulants  or  tinctures  bv  mouth  must  be  rigidlv 
avoided  on  account  of  the  danger  of  dissolving  and  render- 
ing absorbable  more  thymol.  One  of  the  most  important 
things  is  to  keep  the  patient  lying  down.  If  fainting  occurs, 
the  head  should  be  lowered,  as  in  fainting  from  other  causes. 
The  irritation  to  the  kidneys  by  thymol,  if  properly  given, 
is  negligible  unless  much  is  absorbed.  Even  then  the  irri- 
tation rapidly  subsides  without  treatment  after  the  drug  is 
stopped.  The  diarrhea  sometimes  occurring  after  the 
thymol  administration  soon  passes  off  without  requiring 
treatment.  If  treatment  is  demanded,  it  should  be  along 
general  lines. 
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Results  to  be  expected  from  thymol  in  expelling-  worms. — 
Tlie  lirst  course  of  tliyiiio]  properly  ,i>iveii  iisnally  ,i>ets  rid 
of  80  to  90  percent  of  all  the  worms  present.  So  good  a  re- 
snlt  is  obtained  only  when  ]noper  prei^aration,  etc.,  are 
observed.  One  of  the  secrets  of  snccessfnlly  treating  intes- 
tinal parasites  of  all  descriptions  is  to  secnre  an  empty  ali- 
mentary canal  before  the  specihc  drug  is  given.  This  is  so 
important  that  we  do  not  donl)t  that  it  is  often  nuich  l)etter 
to  give  a  ]}nrgative  on  Friday  night  as  well  as  on  Saturday 
night.  'I'liere  are,  no  donbi,  other  factors  that  i)revent 
marked  success  in  some  cases,  snch,  for  instance,  as  the 
rapid  carrying  down  of  the  thyjnol  l)y  peristalsis  to  below 
llie  location  of  the  worms.  For  this  reason  it  is  desirable 
not  to  begin  the  thymol  nntil  peristalsis  from  the  pnrgative 
has  ceased.  It  shonld,  how^ever,  be  given  soon  afterward 
and  before  the  worms  are  again  protected  l)y  the  mncns, 
which  soon  forms.  Cases  are  often  met  with  in  which  no 
eggs  are  fonnd  after  one  conrse  of  thymol,  a  fact  known  to 
German  miners  seeking  work.  In  many  more  a  few  remain 
nntil  three  or  fonr  conrses  are  given,  and  in  a  few  cases  six 
to  eight  or  ten  conrses  are  reqnircd  to  get  rid  of  all  of  them. 
It  can  be  said,  however,  that,  if  persisted  in,  thymol  will 
always  sncceed.  It  is  even  a  l)etter  specific  for  hookworm 
disease  than  qninine  is  for  malaria. 

In  a  very  extensive  experience  reported  by  Ashford  and 
King,  97.8  i^ercent  of  those  who  expelled  all  their  nncinari,T. 
received  thymol  five  times  or  less.  Of  these  41.8  percent  ex- 
pelled all  after  one  treatment,  32.1  percent  after  two  treat- 
ments, 14.2  percent  after  three  treatments,  fi.8  pei'cent  after 
fonr  treatments,  and  2.8  percent  after  five  treatments.  Of 
4,474  cases  which  received  thymol,  81.1  percent  expelled  all 
nncinari.T.  bnt,  snbtracting  507  who  never  retnrned  or 
ceased  to  retnrn  after  two  or  more  treatments,  this  percent- 
age rises  to  91.5  percent.     Sandwith  cnred  95  percen'i  of  185 
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cases  of  ankylostomiasis  with  five  or  less  doses  of  thymol. 
The  cures  in  the  185  cases  were  effected  in  the  following 
manner : 

Number  After  number  of 

cured.  treatments  with  thymol. 

42 1 

58 2 

43 3 

25 4 

9 5 

4 C 

2 7 

2 8 

It  would  seem,  therefore,  that  the  old  world  hookworm  is 
about  as  easy  to  expel  as  the  American  variety. 

In  our  own  experience  about  one-half  of  all  cases  have 
been  cured  of  all  their  worms  with  three  courses  of  thymol; 
several  have  required  five,  six,  and  seven  treatments,  and 
one  required  ten  full  treatments.  In  the  case  already  men- 
tioned, 2,7(i0  worms  were  expelh^d  after  one  treatment,  but 
the  highest  number  counted  in  any  other  case  was  1,054. 

We  have  often  been  impressed  with  the  fact  that  many, 
in  this  country  at  least,  do  not  fully  appreciate  that  the 
treatment  must  generally  be  repeated  several  times  before 
all  worms  are  expelled.  The  complaint  is  made  that,  though 
some  worms  are  expelled  after  a  course  of  thymol,  the 
patient  is  not  cured.  We  would  reply  that  few  other  dis- 
eases are  cured  by  a  single  day  of  treatment. 

Repetition  of  treatment. — On  account  of  the  irritation  to 
the  alimentary  canal  and  kidneys  produced  by  thymol,  most 
authors  agree  that  it  should  not  be  repeated  oftener  than 
once  a  week,  unless  there  is  some  special  indication  for  it. 
We  have,  however,  several  times  given  a  course  of  thymol 
every  third  or  fourth  day  for  several  times,  and  have  not 
seen  any  harm  result  therefrom.  We  believe  it  is  a  good 
plan  to  give  three  treatments  one  week  apart,  and,  after 
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waiting  al)out  a  week,  to  examine  the  feces  for  ova.  Usu- 
ally in  mild  or  medium  eases  none  will  he  found.  If  any  are 
found,  treatment  must  be  repeated.  It  must  be  remem- 
bered tliat  sometimes  ovulation  is  suspended  temporarily 
after  thymol  lias  been  administered,  and,  if  syrai3toms  per- 
sist, the  feces  should  again  l)e  examined  in  three  or  four 
weeks  after  the  last  treatment.  The  result  of  the  treatment 
can  thus  be  best  determined. 

Other  Methods  of  Treatment. 

Beta-naphtoL- — Beta-naphtol,  as  advocated  by  Bentley,  is 
given  with  the  same  precautions,  preparation  of  patient, 
and  the  same  after-treatment  as  with  th}-mol.  Colbert  had 
one  patient  who  ex^Jelled  4,01G  worms  from  one  dose  of  beta- 
naphtol.  Beta-naphtol,  however,  seems  to  act  well  only 
when  the  preliminary  i)urgation  and  fasting  have  been  car- 
ried out  thoroughly.  If  food  is  taken,  very  poor  results  are 
often  obtained.  Ashford  and  King  concluded  that  tliymol 
was  sui)erior  to  beta-iuiphtol  where  the  patient  was  not 
under  control,  and  state  that  they  were  obliged  to  abandon 
the  use  of  the  latter  for  walking  patients  on  this  account. 
They  si)eak  of  several  instances  in  which,  after  repeated 
doses  of  beta-naphtol  were  given,  eggs  were  persistently 
present  in  the  feces,  which  cleared  u^j  after  a  single  dose  of 
thymol.  Bentley  states  that  he  abandoned  thymol  two 
years  before  to  use  beta-naphtol,  and  has  used  it  in  several 
thousand  cases  with  excellent  results.  The  dose  is  one-half 
that  of  thymol — viz.,  30  grains  for  an  adult.  It  frequently 
is  successful  in  expelling  worms,  but  in  many  patients  who 
took  their  medicine  at  home  the  Porto  Rico  Anemia  Com- 
mission found  the  number  of  worms  expelled  far  less  tlian 
when  thymol  was  administered.  On  the  other  hand,  a  com- 
parison of  forty  liospital  cases  treated  with  tliymol  and 
thirty  treated  with  beta-naphtol,  in  which  the  number  of 
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worms  expelled  was  carefully  determined,  shows  the  results 
from  each  drug  to  be  about  equal.  The  finding  of  the  com- 
mission shows  the  following  percentages  of  all  worms  in  the 
intestinal  canal  of  the  patient  that  were  expelled: 

Percentage  of 
total  number  of 
worms  expelled. 

After  1  dose     of  thymol 76.85 

After  1  dose    of  beta-naphtol 72.24 

After  2  doses  of  thymol 90.17 

After  2  doses  of  beta-naphtol 88.12 

After  3  doses  of  thymol 95.28 

After  3  doses  of  beta-naphtol 93.67 

After  4  doses  of  thymol 96.57 

After  4  doses  of  beta-naphtol 96.47 

Beta-naphtol  is  more  irritating  to  the  kidneys,  and  some- 
times sets  up  considerable  nephritis.  There  is  already  al- 
buminuria in  many  cases  of  uncinariasis,  and  it  seems  un- 
wise to  select  a  drug  irritating  to  the  kidneys.  Unpleasant 
dizziness  often  results  from  its  use.  It  is,  however,  less 
depressing  than  thymol.  Its  cost  is  only  about  one-tenth 
that  of  thymol. 

Oleoresin  of  male  fern. — Male  fern  has  been  used  for  a 
very  long  time  as  an  anthelmintic  in  treating  tapeworms, 
and  has  recently  been  much  used  on  the  continent  of  Europe 
in  ankylostomiasis.  Of  21,612  cases  treated  in  Westphalia 
by  Bruns  it  failed  to  expel  all  the  parasites  in  only  1.5  per- 
cent, and  in  only  15  to  30  percent  of  cases  was  it  necessary  to 
give  a  second  dose.  He  records,  however,  four  cases  of 
blindness  resulting  from  its  use.  Tenholt  cured  95.8  per- 
cent of  his  cases  with  three  doses.  Lambinet  gives  a  purge 
of  calomel  and  jalap  powder  the  night  before,  and  on  the  fol- 
lowing morning  "Duhourgan's  teniafuge  francais,"  which 
is  ext.  filic.  mas.  4  grams,  chloroform  3  grams,  ol.  ricini  40 
grams.  This  is  given  in  two  doses,  with  an  hour's  interval, 
and  repeated  the  next  day.     Toth  recommends  45  to   75 
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gTaiiis  filix  mass,  with  a  glass  of  liqueur,  every  day  for  four 
or  live  days.  Dieminger  noted  icterus,  gastritis,  and  gas- 
tro-enteritis  in  some  eases,  as  has  also  been  noted  bv  Toth 
and  others. 

Leichteustern  says  that  150  grains  should  not  be  ex- 
ceeded. Ashford  and  King  tried  ethereal  extract  of  male 
fern  in  Porto  Kico,  and  say  that  in  some  cases  in  which  the 
parasites  were  resistant  to  thymol  this  gave  good  results 
and  in  others  it  did  not.  They  suggest  that  the  deleterious 
effect  of  the  hot  climate  of  Porto  Rico  on  the  drug  may  have 
been  responsible  for  the  variable  results  obtained.  In  their 
1905  preliminary  report  they  say:  "The  liighest  number  of 
uncinarijB  expelled  by  either  of  these  preparations  (solid 
extract  and  liuid  extract)  was  eight,  while  a  subsequent 
administration  of  only  tlii-ee-fourths  of  the  usual  dose  of 
tliyniol  brought  away  ."NfiSf),  and  this  in  the  very  same 
case."  ]t  seemed  to  cause  more  dizziness  and  nausea,  and 
jiatients  comphiined  tliat  they  felt  sicker  and  weaker  after 
it  than  after  thymol.  The  drug  is  very  variable  in  its 
potencN',  and,  though  we  have  not  experimented  with  it  in 
tliis  disease,  we  l)elieve  that  its  use  will  be  limited,  by  its 
much  greater  cost  and  other  objections  mentioned,  to  cases 
that  have  failed  to  be  cured  by  thymol  or  beta-naphtol. 
The  same  preliminary  treatment  is  to  l)e  given,  and  75  to 
150  grains  of  oleoresin  of  male  fern  administered  in  two 
divided  doses  one  hour  aj^art. 

Eucalyptus. — Phillips  recommends  eucalyptus  oil  com- 
bined with  chloroform  and  castor  oil.  The  following  is  di- 
vided into  two  doses  and  given  one-lialf  honi"  apart: 

01.    eucalyjiti 2.5  grams. 

Chlorolornii    ?,.^  grams. 

Ol.    riciiii 41.     grams. 

This  is  not  easily  administered,  and  is  very  nauseating, 
but  has  the  advantage  of  causing  live  worms  to  l)e  expelled. 
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Podophyllin. — Podopliyllin  is  recommended  l)y  Neiimaim, 
who  thinks  a  certain  amount  of  inflammation  of  the  intes- 
tine favorable,  if  not  indispensable,  for  expulsion  of  the 
worms.  It  is  not  very  toxic,  Init  irritating  to  the  mucous 
membrane.  He  gives  two  pills  a  day  of  0.045  milligrams 
of  the  active  princii^le  for  four  days,  and,  if  ova  still  per- 
sist, he  gives  male  fern. 

Other  Drugs. — The  following  other  drugs  have  been  men- 
tioned by  various  writers: 

1.  Juice  of  ficus  doliaria,  3  to  G  teaspoonful  doses; 
much  used  in  Brazil. 

2.  Powdered  areca  nut. 

3.  Jorrissen's  preparation  (a  costly  one) — terpine  1/2 
gram,  levigated  sulphur  2  grams,  condurango  ])owder  1 
gram. 

4.  Infusion  of  bark  of  acacia  anthelminticn. 

5.  Oil  of  ]>eppermint. 
r».     Kerosene  oil. 

7.  Guaical  carbonate. 

8.  Thymotal. 

General  Treatment. 

Anemia. — The  same  general  principles  of  the  treatment 
of  anemia  from  other  causes  apply  also  to  the  treatment  of 
this,  the  most  constant  and  the  most  prominent  symptom 
of  hookworm  disease.  The  most  important  measure  is,  of 
course,  to  remove  the  cause,  but,  inasmuch  as  this  often  re- 
quires three  to  six  weeks,  and  the  patient  must  rebuild  his 
blood  during  and  after  this  time  before  he  is  back  to  normal 
health,  the  question  arises  as  to  what  treatment  may  be 
made  use  of  to  hasten  blood  formation.  Pure  air,  sunlight, 
and  nutrition  are  the  most  important  factors.  The  class  of 
people  affected,  exce|)t  miners  and  tunnel  workers,  are 
blessed  with  air  and  sunlii>ht.     In  most  cases  the  removal 
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of  a  large  portion  oi'  the  worms  is  promptly  i'ollowed  by  in- 
creased appetite,  and  wlien  the  digestion  and  assimilation 
are  good,  as  they  usually  soon  become,  nutrition  is  increased 
far  above  that  required  for  a  normal  individual.  We  do  not 
believe  special  dieting  necessary,  or  even  appreciably  bene- 
licial,  for  mild  or  medium  cases,  but  that  liberal  general  diet 
should  be  allowed.  \'^ery  severe  cases,  with  weak  digestion 
and  assimilation,  are  no  doubt  benefited  by  a  wise  selection 
of  easily  digested,  nutritious  diet  suited  to  the  individual 
ease.  An  abundance  of  good  general  diet  is  what  is  re- 
quired for  most  rapid  recovery.  If  we  recall  the  fact  that 
not  only  is  the  blood  below  normal  in  hookworm  disease,  but 
many  of  the  other  body  tissues  as  well — bone,  muscle,  nerve, 
hair,  skin,  etc. — the  importance  of  a  general  mixed  nutri- 
tious diet  becomes  apparent. 

The  anemia  in  most  cases  is  of  the  secondary  type,  with 
low  hemoglobin  and  low  color  index,  which  is  generally 
benefited  by  administration  of  iron,  one  of  the  essential  ele- 
ments in  hemoglobin.  Very  mild  and  mild  cases  probably 
are  not  appreciably  affected  by  iron,  but  all  moderate  and 
severe  cases  should  take  some  form  of  this  drug  in  the  inter- 
val between  thymol  treatments.  We  admit,  with  all  other 
writers  on  this  subject,  that  the  importance  of  iron  in  the 
treatment  of  hookworm  disease,  compared  with  specific 
treatment  against  the  worm,  is  very  small,  AVe  also  believe 
that  recovery  from  almost  anv  grade  of  hookworm  anemia 
will  follow  expulsion  of  the  worms  as  certainly  without  as 
with  iron  treatment,  but  that  it  will  generally  be  more  or 
less  hastened  thereby.  In  fact,  the  anemia  is  benefited  de- 
cidedly l)y  iron,  either  alone  or  combined  with  bitter  tonics, 
without  any  specific  treatment  being  directed  against  the 
worms,  j\[any  patients  with  chronic  severe  uncinariasis 
give  the  history  of  taking  iron  tonics  or  reduced  iron  year 
after  yeai".     They  get  run  down,  weak,  and  more  anemic  every 
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spring,  but  get  sufficient  relief  from  iron  to  carry  them 
through  the  summer,  never,  however,  getting  entirely  well. 
Looking  back  over  an  experience  of  many  years  spent  in  a 
section  of  country  heavily  infected  with  this  disease,  we 
recall  several  families  that  we  now  know  were  severely  in- 
fected, and  that  bought  year  after  year  their  supply  of  re- 
duced iron,  which  was  kept  in  the  country  stores.  We  re- 
call that  another  method  of  administering  iron  was  to  place 
some  nails,  or  iron  scraps  and  scales  from  the  blacksmith 
shop,  in  a  bottle  with  vinegar,  with  or  without  some  bark 
and  herbs  added,  for  a  bitter  tonic.  Some  old  man  or  old 
woman  of  the  neighborhood,  frequently  a  grandmother  of 
several  families,  was  supposed  to  know  best  how  to  make 
these  "spring  tonics,"  which  generally  contained  iron. 
Since  the  country  has  settled  up,  and  railroads  and  towns, 
and  drugstores  and  more  doctors  and  patent  medicines  have 
come  in,  there  is  far  less  of  this  self-medication,  but  the 
point  we  desire  to  make  is  that  iron  is  sufficiently  beneficial 
in  hookworm  disease,  without  the  worms  being  treated,  to 
direct  the  patients  themselves  to  continue  to  use  it. 

The  history  of  Dr.  T.  B.  Ford,  who  practiced  for  many 
years  in  a  heavily  infected  section  of  Mississippi,  is  inter- 
esting in  this  connection.  Dr.  Ford  (now  retired)  was  a 
close  observer,  and  much  cleverer  than  the  average  country 
practitioner.  Long  before  hookworm  disease  was  diag- 
nosed in  this  country  he  had  learned  that  there  was  a  spe- 
cific anemic  disease,  the  cause  of  which  he  did  not  know.  He 
could  not  cure  it,  but  it  was  always  benefited  by  iron  and 
quinine  pills,  which  he  made  up  himself.  They  were  made 
of  reduced  iron,  quinine  sulphate,  and  extract  of  gentian. 
He  frequently  varied  the  proportions  to  meet,  as  he  thought, 
special  indications,  but,  as  we  remember  it,  each  pill  con- 
tained from  one-half  to  one  grain  each  of  tlie  iron  and 
(juinine.     The  disease  was  so  prevalent  in  that  country,  and 


2-8  JIUUKWUiLM  DISEASE. 

tlie  beuelit  cU'i'ixed  iruui  "Dr.  I'ord's  irou  uirI  quiuiiie 
pills''  so  appareut,  that  lliey  were  kuowii  1)}  the  laity  for 
tliirt}'  or  forty  miles  around  lu  be  a  speeilic  remedy  lor  this 
unknown  disease. 

Tiiere  is  evidence  tliat  iron  hasleiis  l)U)ud  reconstruction 
and  none  that  it  interferes  with  it,  or  is  otJierwise  harmful; 
therefore  some  form  of  iron  should  be  given  in  moderate  or 
severe  anemia  cases.  Stiles  believes  that  it  should  not  be 
given  between  the  lirst  and  second  treatments  with  thymol, 
in  order  to  impress  on  tlie  x>ixtient  the  fact  that  the  thymol 
is  actually  the  source  of  beneiit  and  must  be  continued.  The 
Ijatient  usually  improves  so  much  during  the  tirst  week  that 
anj'  skei^ticism  he  may  have  had  as  to  the  correctness  of 
the  diagnosis  is  dispelled.  The  same  principles  would  gov- 
ei'u  the  selection  of  the  form  of  iron  here  as  in  the  treatment 
of  any  other  secondary  anemia.  Bland's  pills,  five  grains, 
t.  i.  d.,  and  iron  (reduced),  (juinine,  and  gentian,  1/2  to  1 
grain  of  each,  t.  i.  d.,  are  recommended.  Sandwith  gives 
7  1/2  grains  of  suljthate  of  iron  t.  i.  d.,  the  best  results  being 
obtained  when  this  is  preceded  by  extract  of  bone  marrow 
for  about  a  week. 

A  few  cases  of  long  standing  and  usually  severe  hook- 
worm disease  develop  the  pernicious  type  of  anemia,  with 
high  color  index,  and  are  not  benefited  l)y  iron,  as  would  be 
exi)ected.  j\iany  of  them  recover  very  slowly,  or  never  re- 
turn to  a  perfectly  normal  blood  condition.  They  are  bene- 
fited by  arsenic  in  the  form  of  Fowler's  solution,  and  should 
take  five  to  ten  dro])s  t.  i.  d.  over  long  periods  of  time,  with 
occasional  short  intervals  of  rest.  Such  a  case,  age  24,  first 
seen  four  years  ago,  gave  a  liistoi'v  indicating  hookworin 
disease  since  early  childhood,  ami  tlie  feces  sliowed  what 
we  considered  ;i  mild  iurection.  \\liicli  was  coidirme(i  by  tlie 
ex])ulsi()ii  of  tw(Mdy  four  worms  ^()llo^^■illg  (>()  grains  of 
tln'uiol.  al'tei"  which  no  eii'<4S  could  be  round  (Ui  sex^ei'al  ex- 


CHART 

1. 

Eosino- 

Hemo- 

Color 

philes. 

Date. 

globin. 

Red  colls. 

index. 

percent. 

May 

4,1906. 

..48 

2,010,000 

1.2 

18 

May 

11,190G. 

..45 

2,100,000 

1.1 

16 

May 

25, 190G. 

..52 

2,250,000 

1.2 

11 

July 

6,1906. 

..43 

1,910,000 

1.1 

.  . 

Sept. 

14,1906. 

..50 

3,214.000 

0.8 

8 

Feb. 

6,1907. 

..62 

4,116,000 

0.8 

4 

Nov. 

12,1907. 

..71 

4.860,000 

0.7 

2 

Jan. 

21,1908. 

..84 

4,920,000 

0.9 

4 

July 

11,1909. 

..81 

4.741,000 

0.9 

1 
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aminatioiis  extending  over  six  weeks'  time.  The  blood  con- 
dition at  different  times  and  the  treatment  is  shown  l)y  the 
following  table: 


Treatment. 
Thymol  and  Bland's  pills. 
Thymol  and  Bland's  pills. 
Thymol  and  Bland's  pills. 
Fowler's  solution. 
Fowler's  solntion. 
Fowler's  solution. 
Treatment  discontinued. 
Treatment  discontinued. 
Treatment  discontinued. 

There  were  present  a  few  normol)lasts,  poikiloeytosis,  and 
anisocytosis  all  the  time  until  the  arsenic  treatment  was 
begun.  It  will  be  seen  from  the  chart  that  there  was  no 
gain  nntil  the  arsenic  was  begun,  regardless  of  the  fact  tliat 
all  the  worms  had  been  expelled  and  the  patient  took 
Bhind's  ]iills  all  the  time.  That  the  patient  did  not  have 
pernicious  anemia  is  indicated  by  the  nearly  normal  l)lood 
for  over  two  years.  We  have  seen  several  patients  showing 
this  type  of  anemia,  and  always  making  slow  or  no  improve- 
ment after  curing  them  of  their  worms.  In  fact,  we  know 
four  cases  still  anemic,  notwithstanding  that  two  of  them 
were  cured  of  their  worms  more  than  two  years  ago.  Such 
cases  demonstrate  that  hookworm  disease  may  in  some  way 
damage  the  blood-making  organs  to  an  extent  and  in  a  way 
that  makes  recovery  impossible.  Fortunately,  such  cases 
are  relatively  very  few  in  this  country.  The  only  way  we 
know  to  recognize  them  certainly  is  by  proper  blood  exami- 
nation. 

Improvement  After  Treatment. 

There  are  indeed  few  diseases  in  which  treatment  is  fol- 
lowed so  promptly  and  so  certainly  by  unmistakable  im- 
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provement  and  recovery  as  is  proper  anthelmintic  treat- 
ment in  hookworm  disease.  This  is  one  of  the  few  specifics 
in  medicine.  The  improvement  in  severe  cases  is  marvelous. 
A  child  with  15  or  20  percent  hemoglobin,  pale,  "tallow- 
faced,"  one-fourth,  one-third,  or  even  one-half  under 
weight,  undeveloped,  dyspneic,  and  languid,  can  be  seen  to 
gain  weight,  height,  and  color  almost  daily,  and  often  with- 
in two  or  tliree  months  be  converted  by  a  few  doses  of 
thymol  into  a  red-faced,  hard}^,  healthy-looking  child.  He 
often  grows  more  in  one  year  after  treatment  than  he  had 
in  the  previous  five,  or  even  ten,  years.  Nature  seems  to 
try  to  make  up  for  lost  time,  and,  though  the  child  may 
never  attain  the  size  he  would  have  attained  if  he  had  not 
been  infected,  the  gain  is  great  and  rapid.  Among  the  im- 
portant factors  determining  the  length  of  time  necessary  for 
a  patient  to  regain  his  health  and  completely  recover,  and 
whether  complete  recovery  can  result,  are:  the  severity  of 
the  disease,  the  age  of  the  patient,  and  individual  recupera- 
tive powers.  It  must  l)e  remembered  that  hookworm  disease 
may  be  produced  by  any  number  of  worms  from  one  up  to 
the  lethal  dose,  sometimes  as  high  as  four  or  five  thousand. 
This  very  variable  number  of  worms,  as  well  as  other  fac- 
tors, necessarily  gives  rise  to  differences  of  intensity.  One 
patient  may  be  so  badly  affected  as  to  require  months  to  re- 
cover or  to  preclude  complete  recovery,  whereas  another 
may  return  to  full  health  in  a  few  days.  We  have  long 
been  impressed  with  the  influence  of  age  on  tlie  recovery 
from  hookworm  disease,  young  or  growing  patients  always 
gaining  much  more  rapidly  than  adults.  We  shall  say  more 
about  this  below  under  "height  and  weight."  Individual 
recuperative  powers  ai*e  here  of  much  importance,  as  in 
many  other  diseases.  Two  individuals  cured  of  their  worms 
and  having  equal  amounts  of  hemoglobin,  of  equal  weight 
and  the  same  age.  will  often  not  return  to  the  normal  at  any- 
thing like  the  same  rate. 
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Blood.^ — The  blood  charts  shown  below  are  selected  from 
those  published  by  Ashford  and  King,  and  some  of  our  own, 
to  show  the  rate  of  improvement  in  the  blood  during  treat- 
ment. It  will  be  noted  in  most  of  the  charts  that  the  num- 
ber of  red  cells  increases  faster  than  the  hemoglobin,  and 
that  they  usually  go  considerably  above  the  normal 
5,000,000  long  before  the  hemoglobin  has  reached  normal. 
It  will  also  be  noted  that  the  eosinophiles  come  down  more 
slowly  than  the  gain  in  red  cells  or  hemoglobin.  In  fact, 
they  often  remain  high  after  the  blood  is  otherwise  normal. 
We  know  of  several  instances  in  which  the  eosinophil e  count 
has  been  above  6  percent  six,  eight,  and  ten  months  after 
all  worms  were  expelled,  and  one  instance  of  17  percent  two 
years  after  successful  anthelmintic  treatment. 

It  may  occur,  as  is  shown  in  chart  4,  that  the  eosinophiles 
may  increase  for  some  time  as  the  blood  improves,  espe- 
cially in  those  severe  cases  in  which  the  stimulus  is  suf- 
ficiently great  to  exhaust  the  eosinophile-making  ability, 
which  again  revives  after  a  part  of  the  worms  are  gotten 
rid  of. 


CHART  2. 

Date.  Hemoglobin.      Red  cells. 

May       8 33  2.868.000 

May     16 36  2,991.040 

May     23 38  3.960.000 

May     30 36  4.384,000 

June      6 50  4.000,000 

June    13 56  4,541,600 

June    20 62  4,360.000 

June    27 67  5,261,600 

July       4 66  4,152,800 

July     11 76  6,866,400 

July     18 83  7,635.200 

July     25 83  7,035,200 

Aug.       1 82  5,176,000 

Aug.       8 75  5.924,000 

Aug.     15 101  5,164.000 


White  cells.    Eosinophiles. 


13,200 

16.8 

5,000 

22.4 

5,200 

16.4 

3.200 

17.6 

9.200 

8.6 

5.200 

14.8 

9.800 

10.8 

7,200 

8.8 

8,800 

9.0 

6.400 

6.0 

6,200 

.   .  . 

7,400 

4.8 

4.000 

5.6 

5,000 

8.6 

7,800 

8.8 
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I)atc  lTi'ini_i,:;lnliiii.       Kcd  cells. 

May      17 2S  3.480,000 

May      24 2!t  3,024,000 

May     31 ;!ii  3,S(;4.0()(i 

.Tune       7 r.O  3,981.600 

.June     14 .")4  5,78fi,40O 

.lime     21 (K;  5,355,200 

.June     28 Do  6.195.200 

July        4 103  6,088.000 

July      21 115  

Aug.        2 95  

Aug.        3 92  

Aug.        4 92  

Aug.        6 85  


liti.-  <-f\\s. 

lOi  isi  111  Ipll  i  ll 

7.400 

10. 

7.200 

8. 

5.000 

8.8 

11.600 

4. 

4.200 

8.8 

5,800 

10.4 

6,400 

12. 

17.800 

6.4 

7.2 

8.8 

6.4 

6. 

J_)iit(\  I  l<niii>;liil)iii. 

May     12 20 

May      19 2,s 

June     26 38 

June       2 .38 

June      9 41 

.June     16    46 

June     23 49 

July      30 55 

July        7 67 

July      14 76 

■luly      21 S2 

Aug.      2S S3 

Aug.        4 90 

Aug.        4 10  1 


CHART   4. 

1.         Kcd  ifll.'-:. 

Wliit(   .■■•Us. 

lODsiiiiipliiJ 

( 'S 

3.195,520 

6, 400 

.8 

2,804.0(111 

5.0(M) 

4.8 

1,075.620 

3,400 

6.8 

4,626,400 

3,800 

4.8 

5,901,600 

4,400 

4. 

5,817,600 

4,400 

7.2 

6,016,000 

5,1)00 

8. 

5,964,000 

6.400 

21.2 

6,466,400 

7,600 

12.2 

6.295,200 

11,200 

9.2 

6,017,600 

6,600 

9.6 

6.:;(;4,oou 

4,400 

8. 

6,t;3o.4oo 

,S,XOO 

't    •> 

6,724,00(1 

7,800 

1.6 

CHAR' 


1  ):Ltc.  1  Ic'iiM-inbiu.  R.'il  cell.-;. 

May      13 27  2.306.640 

May      20 19  1,688,000 

May      27 25  1,804,000 

June      7 27  2,964,000 

July      13 30  2,977,600 


WluLc  eclL-^.     Eo.siiKPpliilc.'^. 
6,200  2. 


5,000 

.4 

3.800 

4.1 

4.800 

8.600 

.8 
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Date.  Hemoglobin 

May     13 14 

May     20 21 

May     27 21 

June      3 22 

June    10 22 

June     17 32 

.June    24 ,  52 

July        1 41 

July       8 65 

July     15 78 

July      22 78 

July     29 68 

Aug.       7 95 

Aug.     14 109 


CHART  6. 

n.       Red  eell.s. 

Wliite  celLs. 

Eo.sinophik'.'^. 

1.226,400 

4,200 

8.4 

1,746,640 

5,000 

4.4 

2,084,400 

5.600 

2.8 

2,504,000 

4,000 

3.2 

2,377,600 

3,600 

2.4 

2.555.200 

2,800 

3.2 

4,461,600 

4,200 

3.2 

3,528,800 

4,200 

2.8 

4,870,400 

8,200 

1.2 

4.852.800 

4.200 

5.6 

4,352,000 

5,600 

3.2 

4,417,600 

6,200 

3.2 

5,092,800 

8,200 

4.8 

5,190,400 

10.800 

2. 

Date.  Hem  1)^1' 

May     14 16 

May     21 31 

May     28 27 

June      4 35 

June    11 36 

June    18 50 

.Tune    25 59 

July       2 56 

July       9 55 

July      17 (14 

July      23 iM 

July     30 SI 

Aug.       6 '.ti) 

Aug.      14 1(11 


il>iii 


Date.  Ileniog'lobiu. 

Nov.     14 25 

Nov.     22 35 

Nov.     28 50 

Dec.       8 65 

Dee.     15 65 


CHART  7. 

11.        Kfd  eells. 

White  eells. 

Eosinophile.s 

1.531,200 

7,800 

18.3 

2.133,280 

6,200 

14.4 

2.666.400 

11.600 

18.4 

3,880,000 

9,800 

28.4 

3,315,200 

7,400 

22. 

4,181,600 

14,800 

17.2 

5,238.400 

11,200 

46. 

5,288,800 

7,400 

22. 

5.195,200 

11,200 

32.4 

.i.ioi.coo 

8,600 

40. 

5.786,400 

4.800 

18. 

5.440,0(10 

9,600 

24.4 

6, (".88. 0(10 

6,800 

26. 

5,928,800 

10,200 

28.4 

CHART  8. 

11.        Red  eelhs. 

Wliite  eell.s. 

Kosinoidiilf.s. 

2,457,500 

5,035 

16. 

2,987,500 

3,050 

12. 

3,603,125 

2,431 

21. 

4,050,000 

2,083 

20. 

5,005,600 

3,024 

18. 
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CHART  '.). 
Age  14.    Thymol  once  a  week,  no  iron. 

liate.                                 Hemoglobin.                 Red  cells.  Eosinopliiles. 

May    19 34                          3,671,400  19. 

May    26 45                          4,430,000  14. 

June     2 Gl  

June     9 60                        5,200,000  6. 

.Tune    16 63                          5,904,000  9. 

June    23 82                          6. 

June    30 TOO                         5,409,500  8. 

CHART  10. 

Age  32.     Thymol.     Cured  of  worms  after  two  treatments.     Bland's  pills. 

]iate.                                 Hemogiobin.                 Red  cell.s.  Ecsinophiles. 

Nov.    19 72                          4,950,000  12. 

Nov.    26 78                          6. 

Dec.    19 85                          5,640,000  10. 

Dec.     28 104                          6.120,000  4. 

CHART  11. 

Age  16.     Mild  case.    Thymol.     Cured  first  course.     No  iron. 
81  worms  collected. 

J)ato.                                 Hemo.glol)in.                 Red  cells.  Eosinophiles. 

March      6 86                        5,100,000  4. 

March    19 94                          6,244,000  4. 

April         2 96  5,450,000 

CHART  12. 

Age  17,  female.     Thymol.     Mild  infection,  pernicious  anemia  type.     Fow- 
ler's solution  after  first  two  weeks.     History  indicates  hookworm 

disease  all  her  life. 

I>al.-                                  Hemo.gloljin                  Red   cells.  Eosinophiles. 

March     13 55                         2.340,000  6. 

March     29 51                          2.422,000  3. 

May          3 63                         3,215,000  6. 

June        4. 

.Tune       19 61                          4,752,000  4. 

Sept.       22 88  5,420,000 
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Tliis  case  illustrates  the  slow  (seven  months)  improve- 
ment usually  made  by  this  kind  of  anemia.  Chart  1  shows 
another  case  of  this  kmd,  in  which  it  took  nearly  two  years 
for  the  blood  to  become  approximately  normal.  Though 
severe  cases  may  require  several  months  to  return  to  a 
normal  blood  condition,  it  is  our  belief  that  the  average  case 
in  this  country  reaches  a  normal  red  cell  count  and  hemo- 
globin index  in  one  to  three  months,  and  very  many  mild 
cases  within  one  month. 

Height  and  weight. — The  growth  in  height  is  in  propor- 
tion to  the  amount  of  reduction  and  the  age  of  the  patient. 
When  patients  are  not  more  than  two  or  three  inches  below 
what  they  should  be,  this  is  usually  gained  if  they  are  not 
over  20  vears  old.  When  over  20  thev  mav  still  grow,  but  it 
is  doubtful  whether  they  ever  reach  the  height  due  them. 
In  fact,  we  have  seen  many  cases  grow  several  inches  in 
height  and  several  pounds  in  weight  after  they  were  26  to  28 
years  old.  One  man  27  years  old  married  while  yet  a  boy 
in  size  and  appearance,  and  moved  to  town.  Within  a 
couple  of  years  he  had  grown  so  much  that  it  was  often 
remarked  that  married  life  had  made  a  man  of  him.  This 
occurred  before  we  knew  of  hookworm  disease,  but  subse- 
quent familiarity  with  the  disease  and  an  opportunity  to 
examine  the  man's  brother,  and  the  knowledge  that  another 
brother  had  died  of  undoubted  hookworm  disease,  explain 
the  cause  of  his  dwarfing.  The  gain  in  weight  is  even 
more  rapid  sometimes  than  the  gain  in  height.  A  16-year 
old  boy  under  our  observation  gained  twenty  pounds  in 
weight  and  grew  two  inches  taller  in  two  months.  Captain 
J.  F.  Siler  had  one  patient  who  gained  thirty-five  pounds 
in  one  month.  The  foregoing  were  severe  infections,  but 
we  have  often  seen  remarkable  gains  in  weight  and  general 
feeling  by  patients  who  had  very  mild  infections.  One 
man  gained  nine  pounds  in  one  month  after  expelling  only 
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nineteen  worms.  Another  man,  ."I")  years  old,  gained  nine- 
teen pounds  after  getting  rid  of  a  mild  infection. 

Patients  with  severe  disease  and  childish  voices  at  18  to 
20  or  22  years  old  will  usually  have  change  of  voice  within 
two  or  three  months. 

Pubic  and  axillary  hair  that  have  not  started  begin  to 
grow  within  two  or  three  months  if  the  patient  is  of  proper 
age.  We  have  oliserved  the  l)eard  to  liegin  to  grow  at  29 
years,  and  we  ])elieve  it  may  later  than  this. 

Tlie  niamnue  of  girls  develo])  rapidly  in  dwarfed  patients, 
and  we  have  observed  this  after  24.  Xo  doubt  this  can 
occur  even  later  if  the  worms  are  gotten  rid  of. 

At  the  end  of  our  chapter  on  treatment  we  wish  to  em- 
phasize that  we  must  not  lose  siglit  of  any  other  diseases 
the  ])atient  may  have  when  we  are  considering  his  treat- 
ment. Cui'iiig  liookwoi'iii  disease  may  often  benetit,  l)ut 
will  not  oire,  otliei-  diseases  present. 
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Acute  cases  of  hookworm  disease, 

134 
Administration  of  thymol,  mode  of, 
in  treatment,  213 
pregnancy  contraindicates,   218 
Africa,  hoolvworm  disease  in,  35 
Agchylostoma    as    name    for    hook- 
worm, 21 
Age  as  a  factor   in  hookworm   dis- 
ease, 230 
Air,  effect  of,  on  ova,  65 
America,    uncinaria    as    name    for 

hookworm  in,  49 
Anatomy,  pathologic,  94 
Anemia,  arsenic  in,  228 

as  a  symptom   in  hookworm   dis- 
ease,  135 
Blaud's  pills  in,  228 
commission  for  study  of.  in  Porto 

Rico,  32 
due  to  dirt  eating.  146 
Dr.  Ford's  iron  and  quinine  pills 

in,  227 
effect  of  iron  in,  228 
Fowler's  solution  in,  228 
in  hookworm  disease.  111 

benefited  by  iron,  226 
investigations  of,  20 
miner's,  20 
of   secondary   type   in    hookworm 

disease,  226 
progressive,       characteristic       of 

hookworm  disease,  17 
secondary  type  of,  136 
treatment   of,    in   hookworm    dis- 
ease. 225 
Animals,  feces  pass  through   diges- 
tive tract  of,  86 
hookworm  in,  50 

infecting.  70 
ova  scattered  by,  194 
Ankylostoma   duodenale   as   generic 
name  for  hookworm,  49 
as  name  for  hookworm,  17 
description  of,  49 
development  of,  63 
old  world  parasite,  41 
Anthelmintic  treatment,  230 
Antilles,  hookworm  disease  in   the, 
37 


Appearances,  post-mortem,  in  hook- 
worm disease.  See  Post-mor- 
tem appearance  of  hookworm 
subject. 

Appendix  vermiformis,  hookworm 
in,  149 

Appetite  in  hookworm  disease,  146 
perversion  of,  146 

Arabs,  hookworm  disease  among,  43 

Arsenic  in  anemia,  228 

Arteries,  post-mortem  appearance 
of,  95 

Asia,  hookworm  disease  in,  36 

Australia,  hookworm  disease  in,  36 

Austria,  hookworm  disease  in,  33 

Autopsy  of  hookworm  subject,  how 
to  make,  96 

Balkan    peninsula,    hookworm    dis- 
ease in,  33 
Barefooted      children      exposed     to 

hookworm  disease,  44,  92 
Bass'  method  of  centrifuging,  175 
Belgium,  hookworm  disease  in,  33 
Beriberi,  hookworm  disease  mistak- 
en for,  183 
Beta-naphtol,  dose  of,  in  treatment, 
222 
for  expulsion  of  feces  for  exami- 
nation, 177 
treatment,  222 

hookworms  expelled  in,  223 
Blaud's  pills  in  anemia,  228 

in  treatment,  229 
Blood  charts  in  hookworm  disease, 
229 
in  treatment,  229,  231 
coagulation,  conditions  accelerat- 
ing. 104 
substance  delaying,  105 
feces  contain  traces  of,  149 
larvEe  in  the.  82 
post-mortem  appearance  of,  100 
pressure  in  hookworm  disease,  143 
symptoms  of,  135 

of    hookworm    disease    due    to 
loss  of,  115 
test  for,  in  feces,  149 
Blotting  paper   test   for   hookworm 
disease,  178 
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Bohemia,  hookworm  disease  in,  20 
Bone  marrow,  post-mortem  appear- 
ance  ot,   10(1 
Brain,    post-mortem    aiiijearance    of, 

100 

Brazil,  hoolvworm  disease  in,   22 
Bronchial  tubes,  larvcT  in,  82 

Ca.sk.s.  acute,  of  hookworm  ilisease, 

134 

chronic,  of  hookworm  disease,  134 

marked,  of  hookworm  disease,  132 

moderate,    of    hookworm    disease, 

132 
slight,  of  hookworm  disease,  132 
Cause  of  hookworm  disease,  17 
Cells,    vegetable,    differentiation    of 

hookworm  ova   from,   l(i9 
Central     America,     hookworm     dis- 
ease in.  37 
Centrifuge,     concentration     of     ova 
with,   172 
l)reparing  feces  for,  172 
Purd.v,  172 
Centrifuges,  172 
Centrifuging,   Bass'   method    of,   175 

method  of,  172 
Certain  diagnosis,   155 
Charactei'istics    of    hool<worm     dis- 
ease,  17 
Charcot-Leyden  crystals  as  guide  in 

prognosis,  185  I 

Chewing  tobacco  as  remedy  for  dirt 

eating,  147 
Children,     barefooted,     exposed     to 

hookworm  disease,  44,  02 
Chlorosis,  Egyptian,  hookworm  dis- 
ease compared  with,  22 
symptoms,  hookworm  disease  like 

2(:i 

Chronic  cases  of  hookworm  disease, 
134 
hookworm  disease,   color   of   skin 
in,  141 

Circulatory    system,    symptoms    of, 
17,  142 

Classification  of  hookworm,  49,  50 

Clay  as  a  factor  in   hookworm   dis- 
ease, 43 

Clay  eating,  14i! 

Climate  a  factor  in  hookworm  dis- 
ease, 42 

Closet.     See  Privy. 

Coa.gulation,  blood,  conditions  accel- 
erating, 104 
substance  delaying.  105 

Cold,  effect   of.  on  larva*.  202 
on  ova.  (13 

Commission  for  study  of  anemia  in 
Porto  Rico,   32 


Concentration  of  ova  with  centri- 
fuge, 172 

Conditions  accelerating  liinod  coag- 
ulation, 104 

Constipation  in  hookworm  disease, 
149 

Construction  of  sanitary  privy,   195 

Count,  eosinojjhile,  in  diagnosis,  178 

Country  schools  not  provided  with 
privies,  91 

Cover  glasses  unnecessary  in  micro- 
scopic examination,   Klo 

Crystals,  Charcot-Leyden,  as  guide 
in  i)rognosis,  185 

Cuba,  hookworm   disease  in,  37 

Cure,  hookworm  disease  capable  of, 
17 

Dangei!  of  hookworm  carriers,  191 
Darkness,  effect  of,  on  ova,  65 
Definition  of  hookworm   carrier.   17 

of  hookworm  disease,   17 
Dermatitis  produced   by  skin   infec- 
tion. 76 
Description   of   ankylostoma   duode- 
nale.  49 
of  hookworm,  50 
of  nematodes.  47 
of  strongylidte,  47 
Desiccation,  effect  of,  on  ova,  64 
Development,  hookworm  disease 
tards,  126 
i m pa i r ed ,   ch aract erist i c 

woi-m  disease,  17 
of  ankylostoma  duodena 
of  lai'v;p,  65 
Dew  lioison,  hookwoini 
Diagnosis,   155 
by     examination     of 

treatment,  177 
eosinophile  count   in, 
mouth   of  hookworm 
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stool     after 
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feature 


for. 


149 
215 


Diarrhea  in  hookworm  disease 
Diet  during  thymol  treatment. 
Differentiation  of  embryos  and   lar- 
va?,  165 

hookworm    larv;p    from    other 
larvtp,  168 
hookworm  ova  from  other  ova. 

167 
hookworm   ova   from   vegetable 
cells.    169 
Digestive   system,    symptoms 
hookworm  disease,  17, 
tract      of      animals,      feces 
through,  86 
Dirt   eating,  146i 
anemia  ilue  to.  1 46 
cause  of  worms,    147 
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Dirt  eating — cont'd. 

chewing   tol)acco    as    leniedv    tor, 

147 
infectious,  28 

in  region  of  great  lakes,  Z" 
in  United  States,  24 
remedies  for.  147 
symptoms  of.  25 
Dirty  fruit  as  a  factor  in  hookworm 
disease.  4.5 
vegetables    as    a    factor    in    hook- 
worm disease.  4.5 
Discharge  of  ova  of  worms  charac- 
teristic of  hookworm  disease 
17 
Discovery  of  hookworms,  20 
Disease,  hookworm.     See  Hookworm 
disease, 
hookworm,  a  filth  disease,  192 
symptoms    of    hookworm,    altererl 
by  other  diseases,  154 
Diseases,   intercurrent,  and   compli- 
cations, 187 
Disinfectants,  effect  of,  on  larvae,  69 

for  hookworms,  201 
Disinfection  in  mines,  201 
Disposition  of  feces,  86 
in  al)sence  of  privies,  89 
in  mines,  91 
Distribtition    and    economic    impor- 
tance, 33 
Divisions  of  hookworm,  49,  50 
Dose  of  beta-naphtol    in   treatment, 
222 
of  eucalyptus  in  treatment,  224 
of  male  fern  in  treatment,  223 
of   podophyllin   in   treatment,   225 
of  thymol  in  treatment.  212 
Drinking,  excessive,  ova  diminished 
by,  166 
water  as  a  factor  in  infection,  75 
Dropsy  in  hookworm  disease,  150 
Dyspnea,  symptoms  of,  142 

EcDYSis.  first,  of  larvae,  74 

second,  of  larvae,  74 

third,  of  larvae,  85 
Economic   importance  and  distribu- 
tion, 33 
Effect  of  air  on  ova,  65 

of  cold  on  larvae,  202 

of  cold  on  ova,  63 

of  darkness  on  ova,  65 

of  desiccation  on  ova,  64 

of  heat  on  ova,  63 

of  iron  in  anemia,  228 

of  light  on  larva^,  203 

of  oxygen  on  ova,  64 

of  sunlight  on  ova,  65 


Effect — cont'd. 

of  vaseline  on  larvae,  67 
of  water  in  mines,  35 
of  water  on  larvae,  203 
Eggs,  hookworm.     See  Ova. 
Egypt,  hookworm  disease  in,  22,  32 
Egyptian   chlorosis,    hookworm   dis- 
ease compared  with,  22 
Elevation  as  a  factor  in  hookworm 

disease,  43 
Embryology  of  hookworm.  02 
Embryos   and  larvfe.   differentiation 

of.  165 
Encysted  stage  of  larvae,  66 
England,  hookworm  disease  in,  33 
Eosinophiie  count  in  diagnosis,  178 
Eosinophiles  as  guide  in  prognosis, 
184 
in  hookworm  disease,  136 
Eosinophilia  present  in  worm  infec- 
tions, 180 
Epigastric    pain    in    hookworm    dis- 
ease, 144 
Epithelium    nourishment    for   hook- 
worm, 85 
Eucalyptus,    dose    of.   in   treatment, 
224 
treatment.  224 
Evacuation,  time  for  finding   larva" 

after,  170 
Examination,    beta-naphtol    for    ex- 
ptilsion  of  feces  for,  177 
kind  of  feces  for,  157 
microscopic,   cover  glasses  unnec- 
essary in,  160 
going  over  slide  in,  164 
light  necessary  for.  163 
magnification  to  be  used  in,  161 
making  preparation  for,  158 
number  of  slides  in,  161 
size  of  slides  in,  159 
time  required  for,  161 
wet  preparation  to  be  used   in, 
161 
obtaining  feces  for,  157 
of  feces  for  ova.     See  Ova. 
of  stool,  diagnosis  by,  after  treat- 
ment, 177 
thymol  for  expulsion  of  feces  for, 
177 
Excessive  drinking,  ova  diminished 

by.  166 
Experiments  with  larvae,  138 
Expulsion  of  feces,  beta-naphtol  for, 
for  examination,  177 
thymol  for,   for  examination,  177 
Extermination     of     hookworms     in 

prophylaxis,  190 
Eyes,  symptoms  of,  151 
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li^AvtMiAiiiE   prognosis   in    proportion 

to  treatment,  188 
I'^atal    cases    ot    liool\Worni    disease, 

127 
Fatality,    occasional,    of    hookworm 

disease,  17,  19 
Feces,  beta-naphtol  for  expulsion  of, 
for  examination,   177 
contain  traces  of  l^lood,  149 
disposition  of,  8G 
in  absence  of  privies,  89 
in  mines,  91 

examining,   for  ova.     See  Ova. 
hatching  of  ova  in,  by  mixture,  72 
kind  of,  for  examination,  157 
obtaining,  for  examination,  157 
of  infected   persons  source  of  in- 
fection, 93 
pass    through    digestive    tract    of 

animals,  8() 
preparing,  for  centrifuge,  172 
quantity    of,    passed    varies    with 

conditions,  1(56 
test  for  blood  in,  149 
thymol    for   expulsion  of.    for   ex- 
amination, 177 
Flies,  hatching  of  ova  promoted  by, 

72 
Food  as  a  factor  in  infection,  7G 

in  prognosis,  182 
Ford's,   Dr.,   iron   and   cpiinine   pills 

in  anemia,  227 
Fowler's  solution  in  anemia,  228 
France,  hookworm  disease  in,  20,  33 

G.viN  in  height  after  treatment,  235 

in  weight  after  treatment.  235 
Gastric     secretions,     investigations 

of,  14S 
General     treatment     of     hookworm 

disease,  225 
Generic  name  for  hookworm,  ankyl- 

ostoma  duodenale  as,  49 
Genito-urinarv     system,     symptoms 

of,  150 
Germany,  hookworm  disease  in,   33 
Glands,     hemolymph,     i)ost-mortem 
appearance  of,  100 
male  sexual,  of  hookworm,  57 
mesenteric,    post-mortem    appear- 
ance of,  100 
Grades  of  hookworm  disease,  132 
Great  lakes,  dirt  eating  in  regions 

of,  27 
Greek  derivation   for  hookworm,  21 
Ground   itch.  91.  137 

origin  of  hookworm  infection,  205 
percentage  of,  93 
treatment  of,  207 
Guam,  hookworm  disease  in,  3(3,  79 


Ha.\kenwukm     proposed     as     name 

for  hookworm,  21 
Hatching  of  ova   in    feces   by    mix- 
ture, 72 
of  ova,  moisture  as  a  factor  in,  74 
of  ova  promoted  by  flies,  71 
of  ova,  requirements  for,  71 
of  ova,  shade  as  a  factor  in,  74 
Hawaiian    Islands,    hookworm    dis- 
ease in,  36 
Heart,  larvae  in  the,  82 

post-mortem  appearance  of,  94 
Heat,  effect  of,  on  ova,  63 
Height    and    weight    in    hookworm 
disease.  235 
gain  in,  after  treatment,  235 
Hemoglobin     estimation     in     hook- 
worm disease,  135 
Hemolymph      glands,      post-mortem 

appearance  of,  100 
Hemolysis  in  hookworm  disease,  107 
Hemolytic  toxins  in  hookworm  dis- 
ease. 106 
Hemorrhage,  hookworm  causes,  102 
hookworm    causes    greater,    than 
necessary  for  food,  104 
Hemorrhages,    ratio   of,    to    number 

of  hookworms,  99 
History  of  hookworm,  19 
Hookworm,   agchylostoma    as    name 
for,  21 
aukylostoma   duodenale    as   name 

"for,  17 
aukylostoma  duodenale  as  generic 

name  for,  49 
a  parasite,  17 

barefooted  children  exposed  to,  92 
belongs  to  family  strongylida?,  46 
to  nematode  class,  46 
to  sub-family  strongylinte,   46 
carrier,  danger  of,  191 
definition  of,  17 

has  mild  case  of  hookworm  dis- 
ease, 119 
caiises  hemorrhage,  102 

greater  than  necessary  for  food, 
104 
classification  of,  49,  50 
description  of,  50 
differentiation      of,     larva-      from 

other  larvfp,  168 
discovery  of,  20 
disinfectants  for,  201 
divisions  of,  49,  50 
eggs.     See  Ova. 
embryology  of,  62 
epithelium  nourishment  for,  85 
eradication,   requirements  of,   191 
Greek  derivation  for,  21 
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Hookworm — cont'd. 

haakenwurm    proposed    as    name 
for,  21 

history  of,  19 

infecting  animals,  70 
man,  70 

infection,    cause    of    greater,    in 
tropics,  75 
ground  itch  origin  of,  205 
relation  of  moisture  to,  43 

in  animals,  50 

in  appendix  vermiformis,  149 

in  dew  poison,  79 

in  ground  itch,  79 

in  Porto  Rico,  30 

in  small  intestine,  97 

in  the  South,  30 

in  toe  itch,  79 

in  water  sore,  79 

larvae,     differentiation     of.     from 
other  larvae,  168 

male  sexual  glands  of,  57 

miner's  anemia  due  to,  23 

mouth  of,  feature  for  diagnosis,  54 

mucosa  normal  food  of,  108 

mucus  essential  for,  20 

necator  Americanus  as  name  for, 

17 

new  world,  30 

old  world,  30 

ova,  58 

description  of,  164 
differentiation    of,    from    other 

ova.  167 
differentiation  of,  from  vegeta- 
ble cells,  169 

origin  of  scientific  name  for,  21 

scientific  name  of,  17 

subject,  how  to  make  autopsy  of, 
96 

subject  may  present  no  recogniz- 
able symptoms,  116 

subject,    post-mortem    appearance 
of,  94 

sucking  an  important  function  of, 
102 

synonyms  for,  18,  47 

toxin  caused  by,  111 

treatment,  other  drugs  in,  225 

treatment,  other  methods  of.  222 

ulcers  caused  by,  111 

uncinaria  as  name  for,  in  Amer- 
ica, 49 

uncinaria  duodenalis  as  name  for, 
17 

uteri  of,  57 

zoologic  features  of,  46 
Hookworms  expelled  in  beta-naphtol 
treatment,  223 


Hookworms — cont'd. 

expelled  in  thymol  treatment,  223 

extermination  of,  in  prophylaxis, 
190 

number  of,   indicated  by  number 
of  ova  in  feces,  165 

ratio  of  hemorrhages  to   number 
of,  99 

results  from  thymol  in  expelling, 
220 

treatment  of,  in  intestine,  210 

when,  cease  to  ovulate,  167 
Hookworm    disease   a   filth    disease, 
192 

acute  cases  of,  134 

age  as  a  factor  in,  230 

among  Arabs,  43 

anemia  as  symptom  in,  135 

anemia  in.  111 

benefited  by  iron,  226 
of  secondary  type  in,  226 

appetite  in,  146 

barefooted  children  exposed  to,  44 

blood  charts  in,  229,  231 

blood  pressure  in,  143 

blotting  paper  test  for,  178 

capable  of  cure,  17 

cause  of,  17 

causes  laziness,  124 

characteristics  of,  17 

characterized  as  lazy  disease,  152 

chronic  cases  of,  134 

clay  as  a  factor  in,  43 

climate  a  factor  in,  42 

color  of  skin  in  chronic,  141 

compared    with    Egyptian   chloro- 
sis, 22 

constipation  in,  149 

definition  of,  17 

diarrhea  in,  149 

dirty  fruit  as  a  factor  in,  45 

dirty  vegetables  as  a  factor  in,  45 

discharge  of  ova  of  worms  char- 
acteristic of,  17 

divisions  of  types  of,  130 

dropsy  in,  150 

effect  of,  on  duration  of  life,  186 

elevation  as  a  factor  in,  43 

eosinophiles  in,  136 

epigastric  pain  in,  144 

eyes  in,  151 

fatal  cases  of,  127 

general  treatment  of,  225 

genito-urinary  system  in,  150 

grades  of,  132 

height  and  weight  in,  235 

hemoglobin  estimation  in,  135 

hemolysis  in,  107 

hemolytic  toxins  in,  106 
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Hookworm  disease— c'oiiCd. 
home  ol',   in  tropics,  1^3 
hookwoi'm     carriers     iiave      mild 

cases  of,   IJy 
impaired    development    cliaracter 

istic  of,  17 
in  Africa,  35 
in  Asia,  36 
in  Australia,  36 
in  Austria,  33 
in  Balkan  peninsula,  33 
in  Belgium,  33 
in  Bohemia,  20 
in  Brazil,   22 
in  Central  America,   37 
in  Cuba.  37 
in  Egypt,  22,  32 
in  England,  33 
in  France,  5o,  33 
in  Germany,  23,  33 
in  Guam,  36 
in  Hawaiian  Islands,  36 
in  Hungary,  2i),  33 
in  Italy,  22,  33 
in  Mexico,  29,  37 
in  New  Guinea.  36 
in  Panama,  37 
in  Philijipines,  36 
in  Sardinia.  33 
in  Servia,  33 
in  Sicily,  33 
in  Spain,  33 
in  Switzerland,  23 
in  the  Antilles,  37 
in  the  South,  28 
in  United  States,   24.   37 
lactation  imperfect  in,  186 
lactation  in,  150 
leucocytes  in,  136 
like  chlorosis  symptoms.  26 
marked  cases  of.  ]32 
mild  ty])e  of,  122 
mines  a  factor  in.  42 
mistaken  for  l)eril)ei4.  183 

for  malaria,  183 

for  nephritis,  183 

for  tuberculosis.  183 
moderate  cases  of,  132 
mortality  of.  184 
nervous  system  in,  152 
occasionally  fatal.  17.   19 
occupation  as  a  factor  in.  44 
other   parasites  in.   ISS 
I)erforation  of  intestine  in.  ISS 
persons  exposed  to,  17 
l)erversion  of  api)etite  in.  146 
perversions  in.  153 
pneumonia  intercurrent  in,  187 


Hookworm  disease — cont'd, 
post-mortem  appearances  in.     See 
Post-mortem     appearance     of 
hookworm  subject, 
progressive  anemia  characteristic 

of,   17 
psychic  effects  in.  153 
pulse  in,  143 
range  of  latitude  of,  33 
retards  development,   126 
sandy  soil  as  a  factor  in.  43 
sections  where,   occurs,   17 
severe  type  of.  125 

how  recognized,  127 
sexual  perversions  in.  153 
shade  as  a  factor  in,  43 
slight  cases  of.  132 
social  position  as  a  factor  in,  44 
spread  of.  23 

stricture  of  intestine  in,  188 
symptoms  in.     See  Symptoms, 
symptoms  of,   17 

altered   by  other  disease.  154 

circulatory  system  in,   17 

digestive  system  in,  17 

due  to  loss  of  blood.  115 

due  to  toxin.  115 

nervous  system  in,  17 
treatment  of  anemia  in,  225 
uncinaria  as  name   for,   in   Amer- 
ica, 49 
urine  in.  150 
Hungary,     hookworm      disease 


in, 


20. 


1  M  r A  iitKi)    development    characteris- 
tic of  hookworm  disease.  17 
Improvement  after  treatment.  229 
Infection,  drinking  water  as  a  fac- 
tor in.  75 
during  I'ainy  weather,  92 
eosinophilia  i)resent  in  worm,  ISO 
feces    of    infected    persons    source 

of.  93 
food  as  a  factor  in.  76 
hookworm,    cause    of    .greater,    in 
tropics,  75 
ground   itch  ori,gin  of,   205 
relation  of  moisture  to,  43 
modes  of.  70 
mouth,  69.  70 

I)revention  of,  by  larvip,  203 
f)f  soil,  in  prophylaxis.  192 
privies  soui'ce  of.  86 
skin.  69 

by  larvfe-containing  water.  45 
only  piactical  mode.  93 
stage  of  larvff,  70 
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Infection — cont'd, 
through  skin,  76 
through  wet  shoes,  92 
Intercurrent  diseases  and  complica- 
tions, 187 
Intestinal    canal,    ova    not    hatched 

in,  70,  71 
Intestine,    perforation    of,    in    hook- 
worm disease,  188 
small,  hookworm  in,  97 
stricture  of,  in  hookworm  disease, 

188 
treatment  of  hookworms  in,  210 
Intestines,  post-mortem   appearance 

of,  96,  100 
Intoxication  symptoms,  thymol,  216 

treatment  of  thymol,  219 
Investigations  of  anemia,  20 
of  gastric  secretions,  148 
Iron   and   quinine   pills,   Dr.   Ford's, 

in  anemia,  227 
Iron,   anemia  in  hookworm   disease 
benefited  by,  226 
effect. of,  in  anemia,  228 
Italy,  hookworm  disease  in,  22,  33 

Joints,  symptoms  of,  137 

Kernig's  sign,  152 
Kidneys,     post-mortem     appearance 
of,  95 

Lactation    imperfect   in   hookworm 
disease,  186 

in  hookworm  disease,  150 
Larv£e  and  embryos,  differentiation 

of,  165 
Larvae-containing  water,  skin  infec- 
tion by,  45 
Lai'vse,  development  of,  65 

differentiation    of    embryos    and, 
165 

differentiation  of  hookworm,  from 
other  larvae,  168 

effect  of  cold  on,  202 

effect  of  disinfectants  on.  69 

effect  of  light  on,  203 

effect  of  vaseline  on,  67 

effect  of  water  on,  67,  203 

encysted  stage  of,  66 

experiments  with,  138 

first  ecdysis  of,  74 

infectious  stage  of,  70 

in  the  blood,  82 

in  the  bronchial  tubes,  82 

in  the  heart,  82 

in  the  lungs,  82 

moults  in  development  of,  66 

prevention  of  infection  by,  203 


Larvae — cont'd, 
second  ecdysis  of,  74 
temperature    most    favorable    for, 

42 
third  ecdysis  of,  85 
time  for  finding,  after  evacuation, 

170 
will  penetrate  leather,  206 
Latrine.     See  Privy. 
Laziness,  hookworm  disease  causes 

124 
Lazy     disease,     hookworm     disease 

characterized  as,  152 
Leather,  larvae  will  penetrate,  206 
Leucocytes    in    hookworm    disease. 

136 
Life,  effect  of  hookworm  disease  on 

duration  of,  186 
Light,  effect  of,  on  larvae,  203 

necessary  for  microscopic  exami- 
nation, 163 
Liver,    post-mortem    appearance    of, 
95 
symptoms  of,  141 
Lungs,  larvae  in  the,  82 

post-mortem  appearance  of,  95 

Magnification  to  be  used  in  micro- 
scopic examination.  161 
Making  preparation  for  microscopic 

examination.  158 
Malaria,  hookworm  disease  mistak- 
en for,  183 
Male  fern,  dose  of,  in  treatment,  223 
treatment.  223 
sexual  glands  of  hookworm,  57 
Man,  hookworm  infecting,  70 
Marked  cases  of  hookworm  disease. 

132 
Mesenteric  glands,  post-mortem  ap- 
pearance of,  100 
Method,  Bass',  of  centrifuging,  175 
of  centrifuging,  172 
Pepper's,  for  finding  ova,  171 
Telemann's,  for  finding  ova,  171 
Methods,  other,  in  hookworm  treat- 
ment, 222 
special,  for  finding  ova,  171 
Mexico,  hookworm  disease  in,  37 
Microscopic     examination,     cover 
glasses  unnecessary  in,  160 
going  over  slide  in,  164 
light  necessary  for,  163 
magnification  to  be  used  in,  161 
making  preparation  for,  158 
number  of  slides  in,  161 
size  of  slides  in,  159 
time  required  in.  161 
wet  preparation  to  be  used  in,  161 
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Miner's  anemia,  20 

due  to  hookworm.  23 
Mines   as   factor   in   hookworm    dis- 
ease,  42 
disinfection  in,  201 
disposition  of  feces  in,  91 
effect  of  water  in,  35 
Mixture,    hatching   of   ova    in   feces 

by,  72 
Mode   of   administration   of   thymol 
in  treatment,  213 
of  infection,  70 
Moderate    cases    of    hookworm    dis- 
ease, 132 
Moisture  as  a  factor  in  hatching  of 
ova,     74 
relation    of,    to    hookworm    infec- 
tion, 43 
Mortality  of  hookworm  disease,  184 
Moults  in  development  of  larvae,  65 
Mouth  infection,  69,  70 

of  hookworm   feature   for  diagno- 
sis, 54 
Mucosa  normal  food  of   hookworm. 
108 
post-mortem  appearance  of,  97 
Mucus  essential  for  hookworm,  20 

Necator    Americanus    as    name    for 
hookworm,  17 
description  of,  59 
is  new  world  parasite,  41 
synonyms  for,  59 
Nematode  class,  hookworm  belongs 

to,  46 
Nematodes,  description  of,  47 
Nephritis,    hookworm    disease    mis- 
taken for,  183 
Nervous    system,    symptoms    of.    in 
hookworm  disease.  17,  151,  152 
New  Guinea,  hookwoi'ra  disease  in, 

3C 
New  world  hookworm,  30 

parasite  is  necator  Americanus,  41 
Number  of  hookworms  indicated  by 
number  of  ova  in  feces,  165 
of  slides  in  microscopic  examina- 
tion, 161 

OccrPATioN    as    a    factor    in    hook- 
worm disease,  44 

Old  world  hookworm,  30 

parasite    is    ankylostoma    duode- 
nale,  41 

Organs,    symptoms   on    part   of   cer- 
tain, 135 

Origin      of      hookworm      infection, 
ground  itch,  205 


Other    drugs    in     hookworm     treat- 
ment, 225 
methods  of  hookworm  treatment, 

222 
parasites    in    hookworm    disease, 

188 
Ova  absent  after  thymol  treatment, 

166 
concentration  of,  with  centrifuge, 

172 
description  of  hookworm,  164 
differentiation  of  hookworm,  from 

other  ova,  167 
differentiation  of  hookworm,  from 

vegetable  cells,  169 
diminished  by  excessive  drinking, 

166 
effect  of  air  on,  65 
effect  of  cold  on,  63 
effect  of  darkness  on,  65 
effect  of  desiccation  on,  64 
effect  of  heat  on,  63 
effect  of  oxygen  on,  64 
effect  of  sunlight  on,  65 
hatching  of,  in  feces  by  mixture, 

72 
moisture  as  a  factor  in  hatching 

of,   74 
not   hatched    in    intestinal    canal, 

70,   71 
number    of   hookworms    indicated 

by  number  of,  in  feces,  165 
number  of,  passed  in  stool,  71 
of  hookworm,  58 
of  uncinaria  Americana,  65 
of  uncinaria  duodenalis,  65 
of  worms,  discharge  of,  character- 
istic of  hookworm  disease,  17 
Pepper's  method  for  finding,   171 
present    after    thymol    treatment. 

166 
requirements   for   hatching   of,   71 
scattered  by  animals,  194 
shade  as  a  factor  in  hatching,  74 
special  methods  for  finding,  171 
Telemann's    method    for    finding, 

171 
treatment  befoi'e.  appear  in  stool, 

209 
Ovulate,  when  hookworms  cease  to, 

167 
Oxygen,  effect  of,  on  ova,  64 

Paxama.  hookworm  disease  in,  37 

two  kinds  of  hookworm  in.  37 
Pancreas,    post-mortem    appearance 

of,'  96 
Parasite,  hookworm  a.  17 
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Parasite — cont'd, 
new  world,  is  necator  Americanus, 

41 
old  world,  is  ankylostoma  duode- 
nale,  41 
Parasites,  other,   in   hookworm   dis- 
ease, 188 
other  than  hookworms,  100 
Pathologic  anatomy,  94 
Pathology,  94,  101 
Patient    to    remain    in    bed    during 

thymol  treatment,  215 
Philippines,   hookworm    disease    in, 

36 
Pepper's  method  for  finding  ova,  171 
Percentage  of  ground  itch,  93 
Perforation    of    intestine    in    hook- 
worm disease,  188 
Persons  exposed  to  hookworm   dis- 
ease, 17 
Perversion  of  appetite  in  hookworm 

disease,  146 
Perversions    in    hookworm    disease, 
153 
sexual,  in  hookworm  disease,  153 
Pills,  Blaud's,  in  anemia,  228 
in  treatment,  229 
Dr.   Ford's   iron    and    quinine,   in 
anemia,  227 
Pneumonia    intercurrent    in    hook- 
worm disease,  187 
prevalence  of,  in  southern  states, 
187 
Podophvllin,  dose  of,   in  treatment, 
225 
treatment,  225 
Porto  Rico  commission,  report  of,  43 
commission   for  study  of  anemia 
in,  32 
Post-mortem    appearance    of    hook- 
worm subject,  94 
of  arteries,  95 

of  blood,  100  ' 

of  bone  marrow,  100 
of  brain,  100 
of  heart,  94 

of  hemolymph  glands,  100 
of  intestines,  96,  100 
of  kidneys,  95 
of  liver,  95 
of  lungs,  95 

of  mesenteric  glands,  100 
of  mucosa,  97 
of  pancreas,  95 
of  skin,  94 
of  spleen,  95 
of  stomach,  96 
Pregnancy  contraindicates  adminis 
tration  of  thymol,  218 


Pregnancy — cont'd. 

unfavorable  element  in  prognosis, 
186 
Preparation,     making,     for     micro- 
scopic examination,  158 
wet,  to  be  used  in  microscopic  ex- 
amination, 161 
Prevention    of    infection    by    larvae, 
203 
of  soil    infection    in   prophylaxis, 
192 
Privy,  construction  of  sanitary,  195 
sanitary,  necessary  in  prophylax- 
is, 194 
Privies  source  of  infection,  86 
country      schools     not     provided 

with.  91 
disposition  of  feces  in  absence  of, 
89 
Prognosis,  182 

Charcct-Leyden  crystals  as  guide 

in,  185 
eosinophiles  as  guide  in,  184 
favorable,  in  proportion  to  treat- 
ment, 188 
food  as  a  factor  in,  182 
pregnancy     unfavorable     element 
in,  186 
Pi-ogressive    anemia     characteristic 

of  hookworm  disease,   17 
Prophylaxis.  189 

extermination    of   hookworms   in, 

190 
prevention  of  soil  infection  in.  192 
sanitary  privy  necessary  in,  194 
Psychic    effects    in    hookworm    dis- 
ease, 143 
Pulse  in  hookworm  disease,  143 
Purdy  centrifuge,  172 


Quantity    of    feces    passed 
with  conditions,  166 


varies 


Raixy  weather,  infection  during.  92 

Range  of  latitude  of  hookworm  dis- 
ease, 33 

Ratio  of  hemorrhages  to  number  of 
hookworms,  99 

Relation  of  moisture  to  hookworm 
infection,  43 

Remedies  for  dirt  eating,  147 

Repetition  of  thymol  treatment.  221 
reason  for.  221 

Report  of  Porto  Rico  Commission, 
43 

Requirements  of  hookworm  eradica- 
tion, 191 

Respiratory  system,  symptoms  of, 
141 
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Results    from    thymol    in    exi)elliiig 
hookworms,  220 

Sa.ndv  soil  as  a  factor  in  hookworm 

disease,  43 
Sanitary  privy,  construction  of,  195 
privies  necessarv   in   prophvlaxis. 
194 
Sardinia,  hookworm  disease  in,  o.'I 
Scientific   name  of  hookworm.   17 

origin  of,  for  hookworm,  21 
Schools,  country,  not  provided  with 

privies,  91 
Secondary  type  of  anemia,  136 
Servia,   hookworm  disease  in,  33 
Sexual   glands,   male,  of  hookworm, 
57 
perversions  in  hookworm  disease, 
153 
Shade  as  a  factor  in  hatching  ova. 
74 
in  hookworm  disease,  43 
Shoes,  infection  thi'ough  wet,  92 
Sicily,   hookworm   disease   in,   33 
Skin   infection,  ti9 

hy  larvte-containing  water,   15 
dermatitis  produced   by,   7ti 
only  practical  mode.  93 
Skin,  infection  through.  7fl 

color    of,     in    (dironic    hookworm 

disease,  141 
post-mortem  appearance  of,  94 
Slide,  going  over,  in  microscopic  ex- 
amination,  1(j4 
Slides,    number    of,    in    microscopic 
examination,  161 
size   of.    in    microscopic   examina- 
tion, 159 
Slight    cases   of   hookworm    disease, 

132 
Social  position  as  a  factor  in  hook- 
worm disease,  44 
Soil,    sandy,    as    a    factor    in    hook- 
worm disease.  43 
Solution.  Fowler's,  in  anemia.  228 
Solvents   to    be    avoided    in    thymol 

treatment,   214 
Southern  states,  prevalence  of  pneu- 
monia in.  187 
Spain,  hookworm  disease  in,  33 
Si)ecial  methods  for  finding  ova.  171 
Spleen,   post-mortem   aiipearance  of, 
95 
symptoms  of,  141 
Spread  of  hookworm  disease,  23 

cause  of.  23 
Stool,  number  of  ova  passed  in,  71 
treatment    before    ova    appear    in. 
209 


Stomach,     post-mortem    appearance 

of,  9(1 
Stricture  of   intestine   in   hookworm 

disease,  188 
Strongylidse,  description  of,  47 
family,   hookworm   belongs   to,   46 
synonyms  for,  47 
Strongylina^    sub-family,    hookworm 

belongs  to,  46 
Substance    delaying    blood    coagula- 
tion, 105 
Sucking   an    important   function    of 

hookworm,  102 
Sunlight,   effect  of,  on  ova,   65 
Switzerland,    hookworm    disease   in, 

22 
Symptom,    anemia    as    a,    in    hook- 
worm  disease,  135 
Symptomatic  diagnosis,   155 
Symi)tomatology.    115 
Symptoms     in     hookworm     disease. 

See  Symptoms. 
Symptoms,   hookworm   disease,   like 
chlorosis.  26 
hookworm    stibjett    may     present 

no  recognizable,  116 
of  blood,  135 

of  circulatory  system.  17.  142 
of  digestive  system.   17.   144 
of  dirt  eating.  25 
of  dyspnea.  142 
of  eyes,  151 

of  genito-urinary   system,   150 
of  hookworm  disease,   17 

altered  by  other  diseases,  154 
line  to  loss  of  blood,  115 
due   to   toxin.    115 
of  joints.    137 
of  liver.   141 

of  nervous   system,   17,   151 
of  respiratory  system,  141 
of  skin.  137 
of  spleen,  141 

on  part  of  certain  tissues  and   or- 
gans, 135 
thymol  intoxication.   216 
Synonyms  for   hookworm.   18.   47 
for  strongylidse,  47 
for  necator  Americanus,   59 
Svstem,    circulatory,    symptoms    of, 
17.  142 
digestive,  symptoms  of.   17.   144 
genito-urinary.   symptoms   of.    15(i 
nervous,   symptoms  of,   17,  151 
I'esiiii'atory.  symptoms  of,  141 

Ti:ri:\i ann'.s  method  for  finding  ova. 
171 
solution  necessarv  for.  171 
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Temperature     most     favorable     for 

larvae,   42 
Test,  blotting  )japer,  for  hookworm 

disease,  178 
Thymol,  dose  of,   in  treatment,   212 
first  use  of,  for  hookworm.  212 
for  expulsion  of  feces  for  exami- 
nation, 177 
intoxication  symptoms,  216 

treatment  of,  219 
mode    of    administration    of,    in 

treatment,  213 
pregnancy  contraindicates  admin- 
istration of,  218 
results    from,    in    expelling   hook- 
worms, 220 
treatment,  diet  during.  215 
hookworms  expelled  in,  223 
ova  absent  after,  166 
ova  present  after,  166 
patient   to   remain   in  bed    dur- 
ing, 215 
repetition   of,    221 
solvents  to  be  avoided  in,  214 
time  for  giving,  215 
Time  for  finding  larvae  after  evacu- 
ation, 170 
for  giving  thymol  treatment,  215 
required  in  microscopic  examina- 
tion, 161 
Tissues,   symptoms   on   part  of  cer- 
tain, 135 
Tobacco,    chewing,    as    remedy    for 

dirt  eating,  147 
Toe   itch,   hookworm   in.   79 
Toxin  caused  by  hookworm.  111 
hemolytic,    in    hookworm    disease, 

106 
symptoms    of    hookworm    disease 
due  to,  115 
Treatment,  207 
anthelmintic.  280 
before  ova  appear  in  stool.  209 
beta-naphtol,  222 

hookworms  expelled  in.  223 
Blaud's  pills  in.  229 
blood  charts  in,  229,  231 
diagnosis  by  examination  of  stool 

after,  177 
dose  of  beta-naphtol   in,  222 
of  eucalyptus  in.  224 
of  male  fern  in.  223 
of  podophyllin  in,  225 
of  thymol  in,   212 
eucalyptus.  224 
favorable  prognosis  in  proportion 

to,  188 
gain  in  height  after.  235 
in  weight  after,  235 


Treatment — cont'd, 
general,  of  hookworm  disease,  225 

important  factors  in,  225 
improvement  after,  229 
male  fern,  223 
mode  of  administration  of  thvmol 

in,  213 
of  anemia  in   hookworm    disease. 
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of 
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ground  itch,  207 
hookworms  in  intestine,  210 
of  thymol  intoxication  symptoms, 

219 
other  drugs  in  hookworm,  225 
other  methods  of  hookworm,  222 
podophyllin.  225 
thymol,   diet   during.   215 
hookworms  expelled   in,   223 
ova  absent  after,  166 
ova  present  after.  166 
patient   to    remain    in    bed    dur- 
ing, 215 
repetition  of,  221 
solvents  to  be  avoided  in,  214 
time  for  giving,  215 
Tropics,  cause  of  greater  hookworm 

infection  in,  75 
Tuberculosis,      hookworm      disease 

mistaken  for,  183 
Tvpe,    mild,    of    hookworm    disease, 
122 
secondary,  of  anemia,  136 
severe,  of  hookworm  disease, 
how  recognized.  127 
Types  of  hookworm   disease,   divis- 
ions of,  130 

Ulcers  caused  by  hookworm.  111 
Uncinaria  Americana.  30 
ova  of,  65 
as  name  for  hookworm  in  Amer- 
ica, 49 
duodenalis  as  name  for  hookworm, 
17 
ova  of,  65 
Uncinariasis.      See    Hookworm    dis- 
ease. 
United  States,  dirt  eating  in,  24 

hookworm  disease  in,  24.  37 
Urine  in  hookworm  disease.  150 
Uteri  of  hookworm.  57 

Vaseline,  effect  of,  on  larvae,  67 
Vegetable    cells,    differentiation    of 
hookworm  ova  from,  169 

Water,  drinking,  as  a  factor  in  in- 
fection, 75 
effect  of,  on  larvae,  67,  203 
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Water — cont'd.  i    Wet  shoes,  infection  through,  :t2 

skin    infection    by    larviv-contaln-  Worm    infection,    eosinophilia    i)res- 

ing,  45  ent  in,  ISO 

sore,  hookworm  in,  79  Worms,  dirt  eating  cause  of,  147 

Weather,  infection  during  rainy.  '.i2 

Weight,  gain  in,  after  treatment,  23.")  i    Zoolocic   features  of   liool\\vorni,   4i; 
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